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1 Chapter 8
2 Water Quality
3 8.1 Environmental Setting/Affected Environment
4 This section defines the environmental setting/affected environment for surface water quality,
5 reviews the environmental and regulatory setting with respect to water quality, and provides an
6 assessment of existing water quality conditions within the project area. Water quality conditions
7 refer to the chemical and physical properties of the surface water in the projectarea.
8 Water quality within the Sacramento-San Joaquin Delta (Delta) at any gi nd location is a
9 function of the composition of the source water at that location. Sourg
10 Sacramento River, San Joaquin River, eastside tributaries (e.g., Moke
11 Calaveras Rivers), San Francisco Bay, in-Delta runoff, and agric
13 ;
14 pindants, related to storing,
15 e ;’tIC industrial, and agricultural
16 ‘
17
18 treated water from industrial and municipal
19 facilities. Runoff from storm sewers or ifrigation i idered a nonpoint source, in that
20 constituents of concern may en " ;
21 throughout a watershed (
22
23
24
25
26
27
28
29
30 For the purposes of characterlzmg the existing water quality conditions and evaluating the
31 consequences of implementing the BDCP alternatives on surface water quality, the affected
32 environment is defined as the statutory Delta, and areas to the north and south of the Delta, which
33 are defined in various parts of this chapter as Upstream of the Delta and the SWP/CVP Export
34 Service Areas, as shown in Figure 1-3. When compared to the watershed boundaries, it is noted that
35 the affected environment falls primarily within the Sacramento and San Joaquin River watersheds.
36 This section identifies the watershed factors that affect water quality, the water quality standards
37 applicable to the affected environment, and the known impairments (i.e., Clean Water Act [CWA])
38 Section 303[d], the primary constituents of concern in these areas, the regulatory framework, and
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Water Quality

1 the key water quality monitoring stations). Finally, water quality data from selected monitoring
2 stations were reviewed for specific constituents.
3 Because of the very distinct hydrologic and hydraulic characteristics (including the various
4 inflow/outflow conditions) and specific operational details, the water quality in the Delta is
5 described separately from the northern and southern parts of the project area. The Delta
6 environment is much more complex and dynamic compared to the restof the p O]eCt area and
7 requires a more detailed approach. Hence, the water quality conditiot
8 at a greater level of detail.
9 To characterize the existing water quality conditions in the D"
10
11
12
13 Cosumnes, Mokelumne, and Calaveras Rlvers), the
14 major tributaries), San Francisco Bay water fro
15 also is important to characterize water quali
16 (e.g., Harvey O. Banks Pumping Plant [B
17 pumping plant), Contra Costa Water D
18 Pumping Plant), and in areds
19 Examples of the latter include the Delt and San Luls
20 ( sland which is on
21
22
23
24
25
26
27
28 watersheds and the Delta environment; location, physical description, and characteristics of the
29 watersheds; climate; and hydrology.
30 o Water Management and the State Water Project (SWP) and Central Valley Project (CVP)
31 Systems - Brief overview of the SWP and CVP, their key features, and the complex
32 hydrodynamics of the project area.
33 o Primary Factors affecting Water Quality - Brief discussion and listing of point and nonpoint
34 pollutant sources, including historic and recent drainage from inactive and abandoned mines,
35 industrial and municipal wastewater treatment plant discharges, agricultural and urban
36 stormwater runoff, recreational uses, and wildlife.
37 o Beneficial Uses - Brief overview of the designated beneficial uses in the project area, as defined
38 in the Regional Water Quality Control Boards’ (Regional Water Board) water quality control
39 plans (WQCP or Basin Plan).
40 o Water Quality Objectivesand Criteria - Brief discussion of regulatory water quality standards
41 as described in the California Toxics Rule (CTR), water quality control plans, and California
42 drinking water standards.
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Water Quality

1 o Water Quality Impairments- Description of Section 303(d) list of impaired water bodies in
2 the project area, existing Total Maximum Daily Loads (TMDLs), and descriptions of major
3 ongoing water quality monitoring programs.
4 o Water Quality Constituents of Concern - Rationale for selecting specific water quality
5 constituents of concern that are important to maintaining the water quai"' v in the project area,
6 and discussion of sensitive receptors affected by water quality.
7 o Selection of Monitoring Stations for Characterization of Wa
8 the data sources, selection of monitoring stations to be analyze
9 selected locations.
10
11
12
13
14
15
16
17
18 8.1.1.2 Overvi
19 Geographic Locatio
20
21
22
23
24
25 Supply, and hapter 6, Surface Water
26 The Deltais a Complex system of stream channels, slou arshes, canals, and islands in northern-
27 central California at the confluence of the Sacramento and San Joaquin Rivers. The Delta covers
28 738,000 acres, which includes 59 islands, 1,100 linear miles of levees, hundreds of thousands of
29 acres of farmland, and various habitat types (California Department of Water Resources 1993:91).
30 The Delta lands and waterways support communities, agriculture, and recreation while providing
31 essential habitat for a multitude of fish and wildlife species.
32 Delta inflow consists of runoff from the Sacramento River watershed, the San Joaquin River
33 watershed, and the eastside tributaries (i.e., Cosumnes, Mokelumne, and Calaveras Rivers). Long-
34 term average annual Delta inflow is approximately 22 million acre-feet (MAF), with a range of less
35 than 8 MAF to more than 74 MAF (CALFED Bay-Delta Program 2000). Dry and critical year Delta
36 inflow averages about 12 MAF annually under existing conditions (CALFED Bay-Delta Program
37 2000). As a contributor to the state’s agricultural irrigation system and the primary source of
38 drinking water for two-thirds of California’s population, the Delta is a critical component of the
39 state’s water supply infrastructure.
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Water Quality

1 Area Climate, Hydrology, and Watershed Characteristics
2 Sacramento River Watershed
3 The Sacramento River watershed drains the northern part ofCalifornia’s Central Valley. The
4 Sacramento River, California’s longest river, is approximately 447 miles long ¢
5
6
7 River watershed drainages include the upper Sacramento, Feather;
8 (Figure 8-1).
9
10
11
12
13 floor. Annual precipitation in the Sacramento Riv
14 primarily snowfall in the mountainous regi
15
16
17
18
19
20
21
22
23
24
25
26 s lustrates the precipitation patternin
27 the Sacram Valley for water years between 1977 a .Surface water supply is measured
28 by “water year . A “water year” is defined as the 12- -month/period of October 1 through September
29 30 of the following year. The water year is designated by the calendar year in which it ends (e.g, the
30 year ending September 30, 2010 is called the “2010” water year). The Sacramento River Index is a
31 “yardstick” of northern California water supply or water availability from the Sacramento River
32 watershed. The index is is used to project the current water year type and is based partially on the
33 previous year’s index and on the sum of the unimpaired runoff (in MAF) of four rivers: Sacramento
34 River above Bend Bridge near Red Bluff, Feather River inflow to LakeOroville, Yuba River at
35 Smartville, and American River inflow to Folsom Lake. Unimpaired runoff is an estimate of the
36 runoff that would occur in a watershed if unaltered by upstream diversions, storage, or
37 export/import of water to/from other watersheds. Based on the unimpaired runoff, the water year
38 type classifications are defined as follows.
39 o Wet: Equal to or greater than 9.2 MAF.
40 o Above Normal: Greater than 7.8 and less than 9.2 MAF.
41 o Below Normal: Greater than 6.5 and equal to or less than 7.8 MAF.
42 o Dry: Greater than 54 and equal to or less than 6.5 MAF.
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Water Quality

1 o Critical: Equal to or less than 5.4 MAF.

2 Relative water availability from the watershed is greatest in wet years and lowest in critical years. In
3 the past 32 years, 10 years were wet (31%), 6 years were above normal (19%), 2 years were below
4 normal (6%), 7 years were dry (22%), and 7 years were critical (22%).

5 San Joaquin River Watershed

6

7

8

9 the San Joaquin River watershed consist of agriculture, natural loped), and urban areas.
10 The main San Joaquin River watershed drainages includ he u . Joaquin, Merced, Tuolumne,
11 and Stanislaus Rivers (Figure 8-3).
12 The climate in the San Joaquin River waters edi ilar to the Sacramento River watershed, but is
13 generally warmer and drier. Air temperatures inthe Ci f Fresno range from 37F in the winter to
14 over 100°F in the summer. Annual preci i
15 of rain.
16 The warmer and drier condltlons
17 runoff compared to theS
18 the San ]oaqum watershe T
19
20
21
22
23
24
25
26 pattern witt 1977 and 2008. The water year type
27 classification us on the previous year’s index and on
28 the sum of ummpaired flow (in MAF) at Stanislaus Ri w Goodwin Reservoir (inflow to New
29 Melones Lake), Tuolumne River below La Grange (inflow to New Don Pedro Lake), Merced River
30 below Merced Falls (inflow to Lake McClure), and San Joaquin River inflow to Millerton Lake. The
31 water year type classifications are defined as follows.
32 o Wet: Equal to or greater than 3.8 MAF.
33 o Above Normal: Greater than 3.1 and less than 3.8 MAF.
34 o Below Normal: Greater than 2.5 and equal to or less than 3.1 MAF.
35 o Dry: Greater than 2.1 and equal to or less than 2.5 MAF.
36 o Critical: Equal to or less than 2.1 MAF.
37 In the past 32 years, 12 years were wet (37%), 4 years were above normal (13%), 1 year was below
38 normal (3%), 5 years were dry (16%), and 10 years were critical (31%).
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Water Quality

1 8.1.1.3 Water Management and the State Water Project and Central
2 Valley Project Systems
3 The management of the SWP and CVP systems to meet water supply, flood management, and
4 environmental obligations has a substantial effect on the quantity and timing of inflows to the Delta
5 and on water quality in the project area. This section provides a brief overview of the SWP and CVP
6 facilities and their operations. The following provides a brief overview.of su water management
7 Wa ipply, andChapter
8 ,
9
10
11
12 700,000 acres of farmland. Depending on th ywater
13 demands, the SWP annually delivers up to about:
14 drier water year types when supply is limy
15 50% delivery reliability in any given
16 Water Resources 2010a). The prim:
17 ’
18
19
20
21
22
23
24
25
26 Aqueduct ( al'forma Department of Water Resources 2009 ). The California Aqueduct conveys
27 water south primarily to meet potable water demand WP contractors serving Central Valley,
28 and southern California counties, and to meet agricultural demands in the San Joaquin Valley and
29 Tulare Basin. The California Aqueduct delivers water to O’Neil Forebay and the San Luis Reservoir, a
30 storage reservoir jointly owned by the SWP and CVP. Water is delivered to Santa Clara County and
31 San Benito County from San Luis Reservoir via the Santa Clara and Hollister conduits. The Coastal
32 Branch Aqueduct diverts water from the California Aqueduct to areas west in San Luis Obispo and
33 Santa Barbara Counties. In southern California, water is delivered to the major storage reservoirs of
34 Lake Perris, Silverwood Lake, Castaic Lake, and Lake Pyramid.
35 The California Department of Water Resources (California Department of Water Resources)
36 manages the SWP to supply the 29 contracting public agencies, provide recreation opportunities,
37 generate hydroelectric power, and protect fish and wildlife. These objectives are achieved by
38 increasing or decreasing upstream water releases, changing Delta pumping rates, or storing river
39 flows downstream of the Delta at the San Luis Reservoir (Water Education Foundation 2004).
40 During February through june, DWR reduces the ratio of water exports to inflows to reduce
41 potential impacts on migrating salmon and spawning delta smelt, Sacramento splittail, and striped
42 bass (Sacramento Area Flood Control Agency 2004). SWP facilities are also operated to meet water
43 quality objectives, such as the “X2” location objective. X2 refers to the location in the Delta where the
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Water Quality

1 salinity concentration of 2 parts of salt in 1,000 parts of water occurs; the X2 standard was

2 established to improve shallow water estuarine habitat in the months of February through June and
3 relates to the extent of salinity movement into the Delta (Sacramento Area Flood Control Agency

4 2004). The location of X2 is important to both aquatic life and water supply beneficial uses.

Central Valley Project

The CVP annually delivers approximately 7 MAF of water for agricultu and wildlife use

CALFED Bay-Delta Program 2000). The CVP system consists
hydropower plants, 500 miles of major canals, and additiong

1 Reclamation 2009a).

11 Transfer of water through the CVP system and the D

12 reservoirs located on the Trinity, Sacrameﬁ%ﬁ, Am

13 Reclamation 2009a) (Figure 8-5). Water release ;

14 Reservoir and is then released into the Sacra Riverfrom Keswick Dam at River Mile 303. A
15 portion of the river’s flow is diverted by fDiversion Dam (River Mile 243) into the
16 Tehama-Colusa and Corning Canals stern side of the Sacramento Valley (Water

17 Education Foundation 200

18 south in the Sacramento

20 vicinity of Freeport (Figure 8-5 Stanislaus River releases of wate lelones Lake
21 serve as a water source for C\ sers in the Stanislaus River water, he northern San
29

23 s exported from the Delta

24 , which conveys water south foragri

2t E

26

27 systems (Bureau of Reclamation
28 oir that is used by both SWP and CVP
29 to provide water to Central Valley and Bay Area users Buireau of Reclamation 2009b). The Friant-
30 Kern and Madera Canal systems originate at Friant Dam and transport upper San Joaquin River
31 water approximately 152 miles south to Bakersfield and approximately 36 miles to the north,

32 respectively (Water Education Foundation 2002). Additionally, CVP’s Contra Costa Canal conveys
33 Delta water from Rock Slough. CCWD’s Los Vaqueros Pipeline diverts water from Old River to the
34 west to meet potable demands of Bay Area users served by CCWD (Bureau of Reclamation 2009a).
35 The Bureau of Reclamation (Reclamation) operates the CVP to meet the following objectives

36 (Bureau of Reclamation 2009a).

37 o Regulate rivers and improve flood management and navigation.

38 o Provide water for irrigation and domestic use.

39 o Generate power.

40 o Provide for recreation opportunities.

41 o Protect fish and wildlife.
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Water Quality

1 o Improve water quality.

Reclamation’s operation of the CVP facilities changes seasonally based on varying management
objectives. During the winter and early spring months when flood managementis a priority, CVP
reservoirs are operated to store winter runoff (Water Education Foundation 2002). Releases during
May through October are timed to meet a variety of water supply needs, manage water quality, and
create available storage capacity for flood flows (Water Education Foundation 2002).

N U N

7 Hydrodynamics in the Delta
8 Delta hydrodynamics are a product of a complex interaction ~'butary~' flows, tides, in- Delta
9 diversions, and SWP and CVP operations, including conveyance
10 channel barriers and gates designed to direct tributary.i n reglons of the Delta. Each

11 ffect varies daily, seasonally,
12 and from year to year, depending on the mag tude

13 pumping at the SWP and CVP pumping plants. “

14

15

16 travel to the west, toward Suisuna

17 reverse the Delta ﬂowsyandm‘éa'qse t

18 : ;

19

20

21

22

23

24

25 elta channels can change direction idal'exchange, ebbing and flooding
26 with the twgtides per day, which is a major facto drodynamics. The daily, seasonal, and
27 year-to-year differences in source water contributior D, VA ous locations throughout the Delta

28 affect the water quality in the Delta, particularly with regard to salinity. Figure 8-6 and Figure 8-7
29 show the variations in maximum intrusion of chloride into the Delta since 1921, which demonstrate
30 that variability and intrusion distance has generally been reduced following construction of the

31 major storage reservoirs and implementation of Delta water management facilities and operations.
32 However, it also has been demonstrated that on a seasonal and water year basis,the location of

33 elevated salinity conditions in the central Delta, on average, intrude from 3 to 15 miles farther

34 inland since developmentbegan in the Delta 150 years ago (Contra Costa Water District 2010). The
35 higher average salinity conditions are generally attributable to increased diversion of water from
36 the Delta since the 1940s (Contra Costa Water District 2010).

37 8.1.1.4 Primary Factors Affecting Water Quality

38 Primary factors affecting water quality in the project area include patterns of land use in the

39 upstream watersheds and the Delta, SWP and CVP operations, and in-Delta activities and sources of
40 pollutants. Point and nonpoint pollutant sources include historic and recent drainage from inactive
41 and abandoned mines and related debris/sedminent, industrial and municipal wastewater

42 treatment plant discharges, agricultural drainage, urban stormwater runoff, atmospheric deposition,
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Water Quality

1 recreational uses, and metabolic waste (e.g., pathogens) from wildlife. Figure 8-8 shows land uses
2 and major point sources (i.e., consisting primarily of municipal wastewater treatment plants) and
3 nonpoint sources (e.g., urban stormwater runoff) of pollutants. Natural erosion and instream
4 sediments, atmospheric deposition, and geothermal inputs (CALFED Bay-Delta Program 2000) also
5 affect Delta water quality. The magnitude of the effect of each of these sources is correlated with the
6 relative contribution from each source, and can differ for different constituents. The principal
7 contaminants and conditions affecting water quality in the Delta are as ALFED Bay-Delta
8 Program 2000).
9 = Historical drainage and sediment discharged from upstream m
10 and early 1900s has contributed metals, such as cadmiu !
11 o '
12
13 o ; salts, metals, trace organics,
14 nal care products, pharmaceuticals, and
15 oil and grease. 4
16 o Agricultural irrigation return flo
17
18 o
19 o Water-based recreation 1
20 nutrients, and path
21 o
22
23 o
24
25
26
27 o Miscellaneous contaminants and conditions from the,San Joaquin River include selenium and
28 low dissolved oxygen (DO).
29 Both variations in watershed hydrology and SWP and CVP operations affect the variability of water
30 quality in the project area, as well as water diversions which reduce the amount of water available
31 for dilution and assimilation of contaminant inputs and hydrodynamic conditions associated with
32 channel flows and tidal action in the Delta. Water quality can vary seasonally in response to winter-
33 spring runoff and summer-fall lower flow periods, and can also vary from year to year as a result of
34 precipitation and snow pack levels in the upper watersheds, and the resulting releases from
35 upstream reservoirs for water supply, flood management and environmental obligations (e.g., fish
36 flows, Delta water quality objective compliance), operations of the Delta Cross Channel, and
37 seasonal and annual variations in SWP and CVP pumping rates.
38 8.1.1.5 Beneficial Uses
39 Water bodies in the project area are used for many purposes as evidenced by the number of
40 beneficial uses shown in Table 8-1. Beneficial uses are designated for specific water bodies, either as
41 existing or potential, by each Regional Water Board in their respective WQCPs or Basin Plans. For
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Water Quality

water bodies where beneficial uses have not specifically been identified in a Basin Plan, the tributary
rule allows a Regional Water Board to apply the designated beneficial uses that exist in the nearest
downstream tributary. Established in the 1978 WQCP for the San Francisco Bay/SacramentoSan
Joaquin Delta Estuary (Bay-Delta WQCP), designated beneficial uses of Delta water remain
unchanged in the 1991, 1996, and 2006 WQCPs. Additionally, the individual.Basin Plans for the San
Francisco Bay Regional Water Quality Control Board (San Francisco Bay Regional Water Board) and

QR OB WN e

beneficial uses of the Delta areas within their jurisdictions.

o)

Table 8-1. Designated Beneficial Uses for Water Bodies in th

Name? Abbreviation? Beneficial Uses?

Designated Beneficial Uses Common to Inland Waters in

Municipaland MUN
Domestic Supply

Agricultural Supply AGR

Industrial Service IND
Supply

dustrial activities that do not depend primarily on
] including mining, cooling water supply, hydraulic
well repressurization

Industrial Process PRO rimarily on water

Supply

Groundwater -of groundwater for
Recharge rater quality, or halting
Navigation " Uses of water for shipping,

military, or commercial ve

Recreation

Non-Contact Water REC-2 Uses of water for recréational activities involving proximity to water but

Recreation where there is generally no body contact with water nor any likelihood
of ingestion of water, including picnicking, sunbathing, hiking,
beachcombing, camping, boating, tide pool and marine life study,
hunting, sightseeing, or aesthetic enjoyment in conjunction with the

above activities

Commercial and COMM Uses of water for commercial or recreational collection of fish, shellfish,

Sport Fishing or other organisms, including uses involving organisms intended for
human consumption or bait purposes

Warm Freshwater WARM Uses of water that support warm water ecosystems, including

Habitat preservation or enhancement of aquatic habitats, vegetation, fish, or
wildlife, including invertebrates

Cold Freshwater COLD Uses of water that support cold water ecosystems, including

Habitat preservation or enhancement of aquatic habitats, vegetation, fish, or

wildlife, including invertebrates

Wildlife Habitat WILD Uses of water that support terrestrial or wetland ecosystems, including
preservation and enhancement of terrestrial habitats or wetlands,
vegetation, wildlife {e.g,, mammals, birds, reptiles, amphibians,
invertebrates), or wildlife water and food sources
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Water Quality

Name? Abbreviation2 Beneficial Uses?2

Preservation of BIOL Uses of water that support designated areas or habitats, such as

Biological Habitats of establishedrefuges, parks, sanctuaries, ecological reserves, or Areas of

Special Significance Special Biological Significance, where the preservation or enhancement
of natural resources requires special protectig

Rare, Threatened, or RARE Uses of water that support aquatic habitats necessary, at least in part,

Endangered Species for the survival and successful maintenanceo ntor animal species
establishedunder state or federal law:as rarg; threatened, or
endangered

Migration of Aquatic MIGR Uses of water that support habitats

Organisms

Spawning, SPWN  aquiatic habitats suitable
Reproduction, of fish

and/or Early

Development

Shellfish Harvesting SHELL ) ts suitable for the collection of filter

Estuarine Habitat EST tems, including preservation

_or enhancent
’ ildlife {e.g., estuarine mammals, wa

f Inland Waters (not common to
Freshwater )
Replenishment
Hydropower
Generation¢
Aquacult
arvesting of aquatic plants
n or bait purposes

Inland Saline

Habitatd preservation or en

or wildlife, includin
Limited Warm LWRM Waters that support warm water ecosystems that are severely limited in
Freshwater Habitate diversity and abundance as the result of concrete-lined watercourses

and low, shallow dry weather flows, which result in extreme
temperature, pH, and/or DO conditions; naturally reproducing finfish
populations are not expected to occur in LWRM waters

2 The names, abbreviations, and beneficial use descriptions are not identical in each Basin Plan.

b Potential beneficial use identified in Sacramento-San Joaquin, San Francisco Bay, Central Coast, Los Angeles,
and San Diego Basin Plans.

¢ Potential beneficial use identified in Sacramento-San Joaquin, Central Coast, Los Angeles, Santa Ana, and San
Diego Basin Plans.

d Potential beneficial use identified in Central Coast, Los Angeles, and San Diego Basin Plans.

e Potential beneficial use identified in Santa Ana Basin Plan only.

Sources: Central Coast Regional Water Quality Control Board 1994; Central Valley Regional Water Quality
Control Board 2009a; Los Angeles Regional Water Quality Control Board 1994; Santa Ana Regional Water
Quality Control Board 2008; San Diego Regional Water Quality Control Board 2007; San Francisco Bay
Regional Water Quality Control Board 2007; State Water Resources Control Board 2006.
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Water Quality

1 There are several additional beneficial uses in the Central Valley Water Board Basin Plan thatare
2 applicable to surface waters other than the Delta in the Sacramento River basin and south of the
3 Delta export service area. Additionally, south of Delta exports are conveyed to service areas of SWP
4 contractors that lie within the jurisdictions of the Central Coast, Los Angeles, Santa Ana, and San
5 Diego Regional Water Boards, which address several other beneficial uses that are unique to those
6 geographic regions.
7 8.1.1.6 Water Quality Objectives and Criteria
8
9
10
11
12 as objectzves by the state) necessary to suppart thos
13 protects existing uses and high Water quality? Each 1
14 ith the beneficial uses assigned to water
15 n, Basin Plan objectives have gone through
16 ticipation, consideration of economics,
17 eview and approval Consequently, Basin Plan
18 : i
19
20 dies a | tute
21 ,, ). Finally, USEPA
22 ' ] nsideration in adopting
23
24
25 i nenforceable gu1dance
26 order to distinguish them from
27
28
29
30 o CTR (criteria applicable to all surface waters in California).
31 o 2006 Water Quality Control Plan for the San Francisco Bay/Sacramento-San Joaquin Delta Estuary
32 (Bay-Delta WQCP or the 1995 WQCP) (objectives applicable to the Delta only, regulated through
33 water rights conditions by the State Water Resources Control Board [State Water Board]).
34 o Central Valley Water Board and San Francisco Bay Regional Water Board Basin Plans (objectives
35 applicable to the Delta and other surface waters in the project area, regulated through point and
36 nonpoint source controls).
37 o Basin Plans for the Central Coast, Los Angeles, Santa Ana, and San Diego Regional Water Boards
38 (applicable to surface waters in the south of Delta areas served by SWP exports).
39 Along with the concentration value, numerical water quality objectives also typically specify an
40 averaging period to which the concentration value applies to protect the beneficial use of interest.
41 Averaging periods typically depend on the sensitivity of the use, such as a 1-hour averaging period
42 for objectives designed to prevent acute toxicity in aquatic life, to longer averaging periods (e.g., 30-
43 day, annual average) for less sensitive effects (e.g., human health effects, industrial uses, or
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Water Quality

1 agricultural crop production). In the Delta, the value of some numerical water quality objectives
2 (i.e., primarily for aquatic life) depend on the prevailing ambient freshwater and saltwater salinity
3 conditions. The salinity conditions across the large majority of the Delta are sufficiently low such
4 that the Delta channels are subject to freshwater regulatory water quality criteria/objectives.
5 However, tidal influence and associated saltwater intrusion can resultin saljnity concentrations in
6 areas of the west Delta that require regulation with saltwater criteria/objectives.
7
8
9
10 ;
11 achieved rather than defining a specific numerical concentrati e of a narrative objective
12 is: “Waters shall not contain chemical constituentsin ¢ t adversely affect beneficial
13 uses.”
14 California Toxics Rule
15 CTR criteria are established only for the a
16 aquatic Iife protection for some constj
17
18
19 )
20 atleast 95% of the time. Sal
21 pptatleast 95% of the ti
22 categories, or tidally
23 criteria are the lowe
24
25 Regulatory Setting, for
26 lity regulations. Appendix 8A
27 ¢tion and human health
28
29 Water Quality Control Plan for the San Francisco Bay/Sacramento San Joaquin
30 Delta Estuary
31 The Bay-Delta WQCP (State Water Resources Control Board 2006) identifies the beneficial uses of
32 the San Francisco Bay/Sacramento-San Joaquin Delta Estuary to be protected, the water quality
33 objectives for reasonable protection of beneficial uses, and a program of implementation for
34 achieving the water quality objectives. Unless otherwise indicated, water quality objectives cited for
35 a general area, such as for the south Delta, are applicable for all locations in that general area, and
36 specific compliance locations are used to determine compliance with the cited objectives within the
37 area. Numeric objectives for chloride are included for the protection of municipal and industrial
38 water supply beneficial uses. Objectives for electrical conductivity (EC) are included for multiple
39 western, interior, and south Delta compliance locations for the protection of agricultural supply
40 beneficial uses. Salinity objectives are also specified for fish and wildlife protection in the form of EC
41 objectives for eastern and western locations within Suisun Marsh, a narrative salinity objective for
42 brackish tidal marshes of Suisun Bay, and the X2 standard that regulates the location and number of
43 days of allowable encroachmentinto the west Delta of salinity exceeding 2 ppt. In general, the
44 chloride and EC objectives (and Delta inflow/outflow operational objectives) are variable depending
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Water Quality

1 on the month of the year and the water year type. EC and DO objectives are included for the
2 protection of fish and wildlife beneficial uses. Additionally, Delta inflow and outflow operational
3 objectives (i.e., Delta outflow, river flows, export limits, and Delta Cross Channel gate operations) are
4 specified for the protection of fish and wildlife beneficial uses. Compliance with salinity objectives in
5 particular is largely dependent on Delta inflows and outflows. The current water quality objectives
6 under this plan are mcluded in Appendlx 8A. Currently, the State Water Boar isconsidering
7 salinity objectives
8 Bay-Delta WQCP
9 (State Water Resources Control Board2011). Potential changes cou i
10 southern Delta salinity objectives as well as the addition of nei )
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25 | , ;
26 icalan i i jectives: rancisco Bay (including San Pablo
27 i ‘uses for the Delta are consistent with
28 the Central Valley Basin Plan. This Basin Plan contains both freshwater and saltwater criteria for
29 several priority pollutant trace metals. Freshwater objectives apply to waters both lying outside the
30 zone of tidal influence and having salinities lower than 5 ppt at least 75% of the time. Saltwater
31 objectives apply to waters with salinities greater than 5 ppt atleast 75% of the time. For waters with
32 salinities in between the two categories, or tidally influenced freshwaters that support estuarine
33 beneficial uses, the objectives are the lower of the freshwater or saltwater objectives, based on
34 ambient hardness, for each substance. Appendix 8A provides the numeric freshwater and saltwater
35 objectives adopted for the Delta.
36 Water Quality Control Plans Applicable to the State Water Project South of Delta
37 Service Area
38 The Basin Plans for the Central Coast, Los Angeles, Santa Ana, and San Diego Regional Water Boards
39 similarly define beneficial uses and numeric and narrative water quality objectives for inland and
40 coastal waters and other water bodies in the service areas of SWP contractors that use water from
41 the California Aqueduct and are located generally south of the Central Valley and in the central and
42 southern California coastal counties. In general, the narrative and numeric water quality objectives
43 for inland waters established in these Basin Plans are similar to the Central Valley and San Francisco

Bay Delta Conservation Plan Administrative Draft February 2012
EIR/EIS 8-14 ICF 00674.11

ED_000733_DD_NSF_00018671-00014



Note to Reader: This is a preliminary draft prepared by the BDCP EIR/EIS consultants and is based on partial information/data. It has not been reviewed or approved by the Lead Agencies
and does not reflect the Lead Agencies’ or Consultant’s opinion that it is adequate for meeting the requirements of CEQA or NEPA. This document is expected to go through several

revisions prior to being released for formal public review and comment in 2012. All members of the public will have an opportunity to provide comments on the public draft of the revised
version of this document during the formal public review and comment period. Responses will be prepared only on comments submitted in the formal public review and comment period.

Water Quality

1 Bay Regions. However, because salinity is a primary water quality constituent of concern in the
2 inland and coastal counties of arid southern California, the Basin Plans for these regions all contain
3 specific numeric water quality objectives for salinity constituents (e.g., TDS, hardness, sodium,
4 chloride, and sulfate, among others) for the protection of municipal/domesticand agricultural water
5 supply beneficial uses. The established salinity-based objectives for specific water bodies in these
6 Basin Plans can vary substantially based on specific base level conditions.
7 Water Quality Control Plans Applicable to Suisun Marsh
8
9
10
11
12 “the managed Wetlands are
13 duck hunting clubs. About 14,000 acres are
14 _on channel islands are federal lands.
15 Elevation and salinity are the principal fag
16 the marsh. Within the diked wetlands,
17
18
19
20
21
22
23 nanagement of SWP and
24 ity objectives. DWR’s
25
26
27 arsh landowners, and
28 rs. In 1987, federal and state agencies
29 adopted the Sttisun Marsh Preservation Agreement (S o mitigate for impacts on marsh salinity
30 from theSWP, CVP, and other upstream diversions. The SMPA identified the schedule for
31 construction of the large-scale facilities in Suisun Marsh that would enable the salinity objectives to
32 be met. The 1991 Bay-Delta WQCP increased the number of locations in the marsh to seven where
33 numerical salinity objectives were to be met. The 1994 Principles of Agreement on Bay-Delta
34 Standards (Bay-Delta Accord that formed CALFED), the 1995 Bay-Delta WQCP, and the adoption of
35 D-1641 in 1999, all resulted in refinements to the Suisun Marsh salinity standards, added narrative
36 salinity objectives for the tidal marshes of the surrounding Suisun Bay, and mandated the formation
37 of a Suisun Marsh Ecological Work Group which would provide recommendations for water quality
38 objectives to improve conditions for beneficial uses (i.e., wildlife habitat, rare, threatened and
39 endangered species, and estuarine habitat), and recommend future research and monitoring needs
40 for the marsh. Due to evidence showing a potential for actions to meet the salinity objectives at two
41 compliance stations within the marsh might cause harm to the beneficial uses they were intended to
42 protect, the State Water Board in D-1641 did not require that DWR and Reclamation attain the
43 objectives at these stations. The salinity objectives for the marsh remained unchanged in the 2006
44 Bay-Delta WQCP, however, it identifies that salinity objectives will be finalized, including adoption of
45 numerical objectives for brackish marshes in Suisun Bay and other locations (if necessary), by 2015
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Water Quality

1 and following development and implementation of a comprehencive Suisun Marsh Plan. Federal and
2 state agencies recently completed environmental compliance documentation for the Suisun Marsh
3 Plan (Bureau of Reclamation et al. 2011}, which assesses a comprehensive 30-year plan designed to
4 address use of resources within about 52,000 acres of wetland and upland habitats in the marsh,
5 restoration of tidal wetlands, and the enhancement of managed wetlands and their functions.
6
7
8 May to meet the salinity standards of the 1995 Bay-Delta WQCP a
9 SMSCG operation acts to restrict the inflow of high salinity flood ti
10 marsh but allow passage of freshwater ebb tide flow from the'mouth of
11 gates in this fashion lowers salinity in Suisun Marsh chann
12 water from east to west. When Delta outflow is low tg/me nd the gates are not operating, net
13 movement of water is from west to east, resulting i ir ity'water in Montezuma Slough.
14 Because the SMSCG operations have been moreseffective than nticipated, and as a result of
15 k ay-Delta WQCP, other previously
16
17
18
19
20
21
22
23
24 ;
25 maxiimum contaminantlevels (MCLs).
26 drinking water systems regulated by
27 DPH, makes the MCLs also applicable to ambient receiving water with respect to the regulatory
28 programs administered by the Regional Water Boards. DBH establishes state drinking water
29 standards, enforces both federal and state standards, administers water quality testing programs,
30 and issues permits for public water system operations. The drinking water regulations are found in
31 Title 22 of the California Code of Regulations (CCRs). The state drinking water standards consist of
32 primary and secondary MCLs. Primary MCLs are established for the protection of environmental
33 health, and secondary MCLs are established for constituents that affect the aesthetic quality of
34 drinking water, such as taste and odor. The incorporation by reference of the MCLs in Basin Plans is
35 meant to ensure, to the extent possible, that adequate source water quality is maintained to support
36 the domestic and municipal water supply beneficial use, particularly from constituents for which
37 water treatment plants are not typically designed to remove. The state primary and secondary MCLs
38 applicable to the Central Valley and San Francisco Bay Basin Plans are provided in Appendix 8A.
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Water Quality

1 8.1.1.7 Water Quality Impairments
2 Water Quality Limited Water Bodies, Watershed Monitoring Programs, and Total
3 Maximum Daily Loads
4 Constituents of concern in the project area have been identified through ongeing regulatory,
5 monitoring, and environmental planning processes. Important programs are CALFED, the Basin Plan
6 i
7
8
9 ~term comprehensive
10 eneficial uses of the Bay-Delta
11 v to act as the governance
12
13 Z
14 iversiand other water bodies under their
15 jurisdiction. Listed waters are those thal et water quality standards, even after point
16 sources of pollution have ingtalledthe minimum reﬁﬁired levels of pollution control technology. The
17 ‘plan MDLs, be developed to monitor and i water quality. TMDL
18 ste load allocations from poi
19 loading, plus an appropriate m ]
20 '
21
22 éompiled the 2010 Section
23 rom the Regional Water Boards and inf
24 i
25
26
27 Table 8-2. Clean Water Act Section 303(d) Listed Pollu and Sources for the Project Area

Pollutant/Stressor Listing Region Listed Source Delta Location of Listing
Boron Central Valley Agriculture Exp
Chlordane Central Valley and Agriculture, Nonpoint N, W
San Francisco Bay Source
Chloride Central Valley Source Unknown TomP
Chloropyrifos Central Valley Agriculture, N,S,E, W, NW, C, Exp,
Urban Runoff/Storm Stk, CalvR, Duck, Five,
Sewers French, MokR, Morm,
Mosh, OldR, Pix
Copper Central Valley Resource Extraction MokR
DDT Central Valley and Agriculture, Nonpoint N,S,E, W, NW, C, Exp,
San Francisco Bay Source Stk
Diazinon Central Valley Agriculture, N,S,E, W, NW, C, Exp,

Urban Runoff/Storm
Sewers

Stk, CalvR, Five, French,
Mosh, Pix,
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Water Quality

Pollutant/Stressor Listing Region Listed Source Delta Location of Listing
Dieldrin San Francisco Bay Nonpoint Source N, W
Dioxin Compounds Central Valley and Source Unknown, W, Stk

Disulfoton
E. Coli
Invasive Species

Furan Compounds
Group A Pesticides?

Mercury

Pathogens

PCBs

Unknown Toxicity®?

Sediment Toxiéity
Selenium

TDS
Zinc

San Francisco Bay
Central Valley
Central Valley

Central Valley and
San Francisco Bay

Central Valley and
San Francisco Bay

Central Valley

Central Valleyand .

San Francisco Bay

V' Central Valley
Central Valley
San Francisco Bay

Central Valley
Central Valley

Activities (nonboating),

Atmospheric Deposition
Agriculture

, Erench, Pix
W, NW, C, Exp,

Source Unknown

Source Unknown, Balla 1
Water ‘

Contaminated

"N, S, E, W, NW, C, Exp,
Stk

N, S, E, W, NW, C, Exp,
Stk, CalvR, MokR, Mosh

Stk, CalvR, Five, Morm,
~ Mosh, Walk

eational and Tourism

Urban Runoff/Storm
Sewers

Source Unknown

Source Unknown

S, W, NW, Exp, Stk, OIdR,
TomP
Stk, CalvR, Five, MidR,
MokR, Morm, Mosh,
OldR, Pix, TomP
French
Refineries, Invasive Species, W
Natural Sources

S, OldR

Resource Extraction MokR

Source: State Water Resources Control Board 2011.

a Group A pesticides include aldrin, dieldrin, chlordane, endrin, heptachlor, heptachlor epoxide, benzene
hexachloride (BHC; includinglindane), endosulfan, and toxaphene.

b Toxicity is know to occur, but the constituent(s) causing toxicity is unknown.

Notes: DDT = dichlorodiphenyltrichloroethane, PCB = polychlorinatedbiphenyls.

Delta Locations: C = Central, E = East, Exp = export area, N = north, NW = northwest, S = south, Stk =

Stockton Ship Channel, W = west {includes Central Valley list and San Francisco Bay list for “Bay-Delta”

category).

Specific Delta Waterways: CalvR = Calaveras River, Duck = Duck Slough, Five = Five Mile Slough, French =
French Camp Slough, MidR = Middle River, MokR = Mokelumne River, Morm = Mormon Slough, Mosh =
Mosher Slough, OldR = 0ld River, Pix = Pixley Slough, TomP = Tom Paine Slough, Walk = Walker Slough.
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Water Quality

1 There are several ongoing watershed-monitoring programs in the project area. These monitoring
2 programs are associated with Section 303(d) TMDL programs, the State Water Board Surface Water
3 Ambient Monitoring Program, and numerous other efforts of local governments and public/private
4 entities.
5 Section 303(d) requires that states evaluate and rank water quality impairments that cannot be
6 resolved through point source controls and, in accordance with the priority ranking, the TMDL for
7
8
9
10
11
12
13 consideration of background loadings. Table8-3 suj [DLs that have been completed
14 or are currently being developed for Section3 : ftuents in the Delta, and the portion
15 of the project area in the Sacramento and San Joaqui
16 Quality Control Board 2009¢).
17 Table 8-3. Summary of Completed a oing Total Maximum Daily Loads in the Bay-Delta and
18 f the Project Area
Pollutant/Stressor
Chlorpyrifos and Diazinon
ort completed - May 2007
s e-Federal approval - August 2008
Lower San Joaquin River MDL report completed - October 2005
‘State-Federal approval - December 2006
DO Stockton Deep Water Ship TMDL report completed - February 2005
Channel State-Federal approval - January 2007
Mercury/Methylmercury  Delta TMDL report completed - April 2010
Pathogens Tributaries affected by City of = Ongoing
Stockton urban runoff
Pesticides Basin-wide Ongoing
Organochlorine Pesticides Specific Sacramento and San Ongoing
Joaquin River tributaries; Delta
Saltand Boron San Joaquin River at Vernalis TMDL report completed - October 2005
State-Federal approval - February 2007
Selenium San Joaquin River at Vernalis TMDL report completed - August 2001
State-Federal approval - March 2002
Source: Central Valley Regional Water Quality Control Board 2009c.
Notes: TMDL = Total Maximum Daily Load
19
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Water Quality

1 Table 8-4 summarizes only the total number of Section 303(d) listed water bodies in the regions of
2 the Central Coast, Los Angeles, Santa Ana, and San Diego Regional Water Boards where SWP south of
3 Delta exports are conveyed. This information is presented at a lesser level of detail than for the Delta
4 and Sacramento-San Joaquin regions because the effects of storage and conveyance of Delta export
5 water in the southern SWP service areas to the large majority of these listed.water bodies is only
6 indirect or nonexistent. Moreover, not all of the Section 303(d)-listed water badies in these regions
7 necessarily occur in the SWP service areas because the SWP service aregs over the entire
8 regions.
9 Table 8-4. Clean Water Act Section 303(d) Listed Water Bodie
10 Served by SWP South of Delta Exports
Pollutant San Francisco  Central Coas * Santa Ana San Diego
Hydromodification -
Mercury 36 2
Other Metals 27 159
Miscellaneous 17 36
Nuisance A 14
Nutrients
Other Inorganics
Other Organics
Pathogens
Pesticides
. 7
Source: State Water Resources Control Board 2011.
11
12 8.1.1.8 Water Quality Constituents of Concern
13 Constituents that are of concern in the project area are those that, at elevated concentrations, have
14 the potential to adversely affect or impair one or more beneficial uses (Table 8-1) such as the
15 constituents identified from the Section 303(d) listing process described above (Tables 8-1 and 8-2).
16 Salinity is an important parameter of concern for the Delta which reflects the total ionic content of
17 the water, ranging from very low levelsdeemed freshwater to the high salinity content of seawater.
18 Chloride, bromide, sulfate, and boron are specific ions that contribute to overall salinity and are
19 constituents of concern. Salinity can affect multiple beneficial uses, including defining the types and
20 distribution of aquatic organisms that are adapted to freshwater versus brackish, or saline, water
21 conditions in the Delta.
22 Other constituents of concern for the Delta in particular are of importance to municipal water
23 suppliers including organic carbon (total and dissolved) and bromide which are precursors for the
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Water Quality

1 formation of disinfection byproducts (DBPs) such as trihalomethanes (THMs), haloaceticacids
2 (HAAs), bromate, chorite, and nitrosamines at treated drinking water treatment processes. Of note,
3 if organic carbon was not chlorinated, or bromide was not present, the risk of DBP formation at
4 drinking water plants would be greatly reduced. Pathogens are of importance to municipal water
5 suppliers as well as recreational uses.
6
7
8
9
10 Constituents of concern to agricultural users of the projec
11 crops are sensitive to these constituents, which can aff
12 f
13 temperature, turbidity and suspended sedimeng; DO,
14 ]
15
16 parameters.
17 Finally, an emerging class cernis endocrine-disrupting compounds (EDCs) and
18 pharmaceutical and pef” ) \
19
20
21
22
23
24 y number of individual
25 attributable to the presence of
26 ta to address the sources of toxicity,
27 ion of the allowable loading of
28 constituents that would result in achieving the Basin Plan narrative toxicity objective that forms the
29 basis for the Section 303(d) listing. Because unknown toxicity is a primary concern for fisheries and
30 other aquatic organisms, Chapter 11, Fish and Aquatic Resources, addresses the subject in detail
31 [Note to Lead Agencies: Thissectionin Chapter 11 is in preparation).
32 In light of these issues, the constituents of concern identified in Table 8-5 are addressed in detail for
33 the purposes of characterizing existing water quality within the project area (Section 8.1.3, Existing
34 Water Quality), and to support the water quality impact assessments. Table 8-5 also relates the
35 constituents of concern to the various receptors in the project area that could be adversely affected
36 by their concentrations. For the purposes of this characterization, the receptors are categorized by
37 the designated beneficial uses specified in the Bay-Delta WQCP. The constituent-specific sections
38 described subsequently (Section 8.1.3) characterize the potential effects on beneficial uses and
39 various receptors, including known information regarding specific locations in the Delta most
40 affected by the constituents.
41
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Water Quality

1 8.1.2 Selection of Monitoring Locations for Characterization
2 of Water Quality
3 8.1.2.1 Water Quality Monitoring Programs and Sources of Data
4 In compiling water quality data for the 16 constituents of concern (Table 8-5); data sets from the
5 following monitoring programs were initially obtained through the B :
6 Project (BDAT) for the period from 1990 through 2009 (Bay-Delta:
7 o California National Water Information System Water Quali
8 [USGS]). '
9 = Environmental Monitoring Program (DWR) (cont
10 = Municipal Water Quality Investigations Prograt
11 Surface Water Ambient Monitoring Progra ‘
12
13
14 to this database . In the event the m
15 not provide data for all the co: titue
16 of the following monitoring ore
17
18
19
20 on System (USGS).
21 o 1ary Institute (SFEL; multi
22 . I
23 -
24 o Water Data Library (DWR).
25 8.1.2.2 Surface Water Quality Monitoring Locations
26 Based on data availability, data continuity, and geographic location, a total of 20 water quality
27 monitoring stations were selected to characterize the water quality conditions in the project area.
28 Because of the complexity of the Delta environment, a detailed characterization of water quality was
29 necessary for the statutory Delta to representthe effects of water quality to the broad beneficial use
30 categories (e.g., agriculture, aquatic life, recreation) and more specific issues such as major water
31 diversion locations. For example, major water diversions include CCWD’s three intakes at Rock
32 Slough, Old River, and Victoria Canal; the North Bay Aqueduct; Jones and Banks pumping plants;
33 seasonal Antioch and Mallard Slough diversions; and the City of Stockton’s new diversion from the
34 central Delta. The following section provides a brief illustration of how the data from these stations
35 were used to represent various parts of the project area. Table 8-6 presents the specific reasons for
36 selecting these locations.
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Table 8-5. Receptors Affected by Water Quality — Characterized by the Designated Beneficial Uses of the Project Area

Water Quality

Constituent

Freshwater
Replenishment

Municipaland
Domestic Supply

and Groundwater Agricultural Industrial

Recharge

Supply

Process Supply Contact

Recreation

Non-
Contact

Shellfish
Harvesting
and
Aquaculture

Commercial/
Sport Fishing Warm Cold

Freshwater Habitat

Migration/ Estuarine Wildlife

Spawning  Habitat

Habitat

Endangered Species
and Areas of
Biological
Significance

Physical Parameters
Temperature
Turbidity/Suspended Solids
Inorganic Parameters

Salinity (EC/TDS)

Bromide

Chloride

Boron

Organic Carbon

Ammonia (nitrogen)

Other Nutrients (nitrogen, phosphorus)
DO

Trace Metals

Mercury

Selenium

Others (e.g., copper, lead, zinc,.)
Pathogens

Pathogens

Organic Compounds

Pesticides and Herbicides
Dioxins/Furans and PCBs
Polycyclic Aromatic Hydrocarbons
Emerging Pollutants (EDCs/PPCPs)
ApplicableBasin Plan

PR I S

oo X X

N, S, Exp

D,N, S, Exp

D, N, S, Exp

D,N, S, Exp

D,N, S, Exp

D,N, S, Exp

o X

D,N, S, Exp

oo X X
oo X

D, N, S, Exp

o X

D,N, S, Exp

T X X X X

o X
o X

D,N, S, Exp D,N,S, Exp

Notes:
D
EDC =
Exp = exportarea

N = north

PCB = polychlorinated biphenyl
PPCP =
S = south

n

Delta

endocrine-disrupting compound

pharmaceuticaland personal care product
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Water Quality

1 Table 8-6. Locations Selected to Represent Existing Water Quality in the Delta
Location Data Sources Justification for Selecting Location
North of Delta Locations
Sacramento River at Keswick DWR Characterizes water quality in the area north of the Delta
FeatherRiver at Oroville DWR Characterizeswater quality in the area north of the Delta
American River at the E.A. Fairbairn DWR Characterizes water quality in the area north of the Delta
Water TreatmentPlant
Sacramento River at Verona DWR Characterizes water quality in the area north of the Delta
Delta Source Water Locations
Sacramento River at Hood BDAT, CDEC, Characterizes water quality at the northern boundary of

MWQI the Delta

SanJoaquinRiver near Vernalis BDAT, CDEC, Characterizes water quality at the so

MWQI the Delta
Mokelumne River {South Fork) at ~ BDAT, WDL  Characterizes EC from a maj
StatenIsland river
Suisun Bay at Bulls Head Pointnear BDAT Characterlzes water quahty

Martinez
Delta Interior
SanJoaquinRiver at Buckley Cove  BDAT

Franks Tractat Russo’s Landing BDAT
0Old River at Rancho del Rio BDAT
Major Outflows

Sacramento River above Point

Sacramento

San Joaquin River at Antioch Ship
Channel

'p.boundary of
n as Sacramento

SacramentoRiver at Mallard Isl Characterizes water quali

the Delta; essentially the

Major Diversio
North Bay Aqt educt at Barker™
Slough Pumpmg Plant
Contra Costa Pum

CDEC, MWQI

Plant No. 1 MWQI

Harvey 0. Banks Pumping Plant CDEC, MWQI

California Aqueduct
C.W. “Bill” Jones Pumping Plant BDAT, CDEC, Major water supply intake; pumps CVP water into the
MWQI Delta-Mendota Canal
South of Delta Locations
California Aqueduct at Check 13 DWR Characterizes water quality in the area south of the Delta
California Aqueduct at Check 29 DWR Characterizes water quality in the area south of the Delta

Notes: BDAT = Bay Delta and Tributaries Project; CDEC = California Data Exchange Center; DWR = California
Department of Water Resources; EC = electrical conductivity; MWQI = Municipal Water Quality Investigations;
SFEI = San Francisco Estuary Institute; WDL = Water Data Library; WTP = water treatmentplant
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Water Quality

1 North of Delta
2 The hydrology north of the Delta is dominated by three major rivers—the Sacramento, Feather, and
3 American. To characterize the water quality for the area north of the Delta, it is important to review
4 the water quality entering these three rivers from their major reservoirs (Shastal.ake, Lake Oroville,
5 and Folsom Lake, respectively). For the purpose of this assessment, the water quality of the area
6 north of Delta is represented by locations downstream of these three lakes, as well as a monitoring
7 location at the Sacramento River at Verona (immediately downstream of the confluence of the
8 Feather and Sacramento Rivers, representing the water quality of the combined flow after mixing)
9 Figure 8-9 shows the selected locations.

10 o Sacramento River at Keswick.

11 o Feather River at Oroville.

12 o American River at the E. A. Fairbairn Water Treatment Plant.

13 o Sacramento River at Verona.

14 Because organic carbon data were not monitored at the Veronal

15 location approximately 9 miles downstream of the Verona locatién (Sa

16 Bridge [Interstate 5]) was reviewed and analyzed for organ

17 the confluence of American and Sacramento Rivers is re;

18 Hood, which is addressed in the following section, De’:,lta'

19 8.1.2.3 Delta Source Waters

20 Water quality in the Delta at any given loc 1e is primarily the result of the sources of

21 water to that location (i.e, the percentag ater at'the site comprising water from the

22 Sacramento River, the San Joaquin River, eastsidet

23

24

25

26

27

28

29

30

31

32 Figure 8-10 shows the selected locations. It should be noted that the selected Sacramento, San

33 Joaquin, and Mokelumne Rivers monitoring stations are within the statutory Delta and can be

34 affected by tidal action, depending on the streamflow rates. Additionally, the Mokelumne River is

35 directly affected by the flow of Sacramento River water when the Delta Cross Channel is open.

36 However, these locations generally represent the water quality occurring at these perimeter

37 locations in the Delta.
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Water Quality

1 Interior Delta and Outflow L ocations
2 In addition to characterizing the quality of the major source water inputs to the Delta, a number of
3 interior Delta locations were identified for characterizing existing interior Delta water quality. The
4 locations chosen for this purpose were selected based on the following criteria.
5 o Availability of water quality data (i.e., locations used by the various water quality monitoring
6 programs).
7 o Geographiclocation in the Delta, in an effort to have one or more stations within the northern,
8 central, eastern, western, and southern portions of the Delta.
9 o Locations of the primary water supply intakes.
10 o Bay-Delta WQCP EC compliance locations.
11 o Other related considerations (e.g., locations of output nodes for Delta Si
12 (DSM2), reasonable number of locations to support the water quality |
13 Based on the selection criteria listed above, ten interior and outflow Delta
14 (Figure 8-10) for the purposes of characterizing existing water gt '
15 the water quality impact assessments.
16 South of the Delta
17
18
19
20
21
22
23
24
25
26
27
28
29 Iso fed by water from the
30 monitoring location at the exit
31 eck 13
32 South of O’Neill Forebay, there are inflows to the aqueduct, including stormwater and flood flows at
33 crossings of several streams, and groundwater inflows, prior to water being pumped over the
34 Tehachapi Mountains and into watersheds of water supply reservoirs in the Los Angeles region and
35 areas to the south. DWR accepts the introduction of local groundwater into the aqueduct (i.e,,
36 “Pump-In” Projects) in accordance with California Water Code provisions that state that nonproject
37 water may be conveyed, wheeled, or transferred in the SWP provided that water quality is
38 protected.
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Water Quality

1 8.1.3 Existing Surface Water Quality
2 In the following subsections, each constituent of concern (or category of similar constituents) are
3 reviewed in detail to characterize the general patterns of concentrations that exist in the project
4 area at present. The review process followed the steps outlined below.
5 o Literature review - A wide range of scientific articles, agency reports, and site-specific studies
6 were reviewed to collect the following information.
7 The various structural and nonstructural features and operations in the project area that
8 affect water quality.
9 The importance and relevance of each of the constituents of concern in the project area.
10 The interaction of various constituents and the combined effect on water g
11 The historic and current patterns in concentrations of the constitue; ted locations.
12 The variation in concentrations in wet and dry years
13 Applicable standards and regulatory criteria, and known imipairments
14 = Some of the key documents reviewed include the following.
15 Basin Plan for the Sacramento and San Joaquin River Basi
16 Basin Plan for the San Francisco/SanJoaquin.
17 WQCP for the Sacramento-San Joaquin Delta.
18
19
20 ,
21 and databases. Data were down ,
22 of the constituents for the pegi veen 1990 and present, and stored in a
23 discussions below, variou d ecord are discussed for different¢
24 purposes. The time period of data used to characterize present conditions
25 according to what was available i .
26 '
27
28
29
30
31
32 o Spatial distribution - data presented in a map for individual constituents identifying the location
33 of the sampling station; the date range; and the maximum, minimum, average, and median
34 values.
35 o Seasonal patterns - plots showing the change in concentrations over time.
36 o Tabular - tables showing concentrations of constituents where data are discrete or
37 discontinuous.
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Water Quality

1 8.1.3.1 Salinity and Electrical Conductivity
2 Background
3 Salinity is the concentration of dissolved salts in water. Typical salts found include the major cations
4 (calcium, magnesium, sodium, and potassium) and anions (sulfate, chloride, fluoride, bromide,
5 bicarbonate, and carbonate). The relative proportion of the anions and cations are different in
6 typical freshwater and seawater, with sodium and chloride dominating seawater salinity. The
7 composition of dominant cations and anions in freshwater can vary to a much greater degree.
8 Salinity can be measured in a variety of ways, including chloride concentration, TDS concentrations,
9 or EC. While a recognized international measurementscale of salinity exists (i.e., Practical Salinity
10 Units), the term is not commonly used and the measured parameters EC and TDS are more often
11 used interchangeably to refer to generalized effects of salinity. The beneficial use
12 salinity concentrations include municipal, agricultural, and industrial water sz
13
14
15
16
17
18
19
20
21
22
23
24
25 discharges, and urban stormwate
26 occurs during the dry, war
27 ditches, stored in reservoirs
28 occurs to drainage ditches '
29
30
31
32
33 of water from Sierra Nevada streams is typically less than 100:mg/L, Whlle drinking water from the
34 Delta typically has TDS concentrations from 150 to 300 mg/L with concentrations occasionally
35 exceeding 500 mg/L (CALFED Bay-Delta Program 2007a). Bromide, a compound of ocean salts, is a
36 precursor to the formation of DBPs in drinking water facilities, which can be harmful to humans and
37 animals (see further in this section for a detailed discussion of bromide). In addition, industrial
38 processes that require low-salinity water can also be negatively affected. Salt removal during the
39 water purification process (for either drinking or process water)is presently very expensive.
40 When salinity concentrations in irrigation water are too high, yields for salt-sensitive crops may be
41 reduced. Salinity can also decrease water available to the plant and cause plant stress (CALFED Bay-
42 Delta Program 2007a). There are also fish, wildlife, and aquatic plant species that have adapted to
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Water Quality

1 naturally occurring salinity ranges in the Bay-Delta system, with specific salinity requirements at
2 certain life stages in order to survive. There isevidence to suggest that the artificial stabilization of
3 salinity, which has been undertakenin the Delta to maximize drinking and agricultural water
4 guality, may create habitat more suitable for invasive rather than for native species (Lund et al.
5 2007).
6 The primary source of salinity in the Delta is seawater intrusion from the west (CALFED Bay-Delta
7 Program 2000). Salinity also is elevated in the San Joaquin River inflows as a result of irrigated
8 agricultural drainage on southern San Joaquin Valley soils of marine origin that are naturally high in
9 salts, and from recirculation of salt in Delta waters that are used for irrigation via the Delta-Mendota
10 Canal and returned back to the Delta. From a broad viewpoint, salinity is determined as interplay
11 between the amount of freshwater entering the Delta from the major tributaries (e.g., Sacramento
12 and San Joaquin Rivers) and seawater from San Francisco Bay. During the late winter and spring
13 months of seasonally elevated runoff and flows, and in particular during wet
14 of runoff from interior California, the elevated freshwater flows limit the e%
15 intrusion into the Delta from the Bay. During low-flow summer and fall r
16 types with low levels of runoff, the lower freshwater flows result i
17
18
19
20 extent of high-salinity seawater intrusion and als
21 the Delta. Increases in channel volume associated wi
22 Suits 2005) can result in daily tidal exchange movi
23 conditions with the island levees intact. The ailure of a levee at Jones Tract, which
24 flooded both upper and lower Jones Tract ibstantial increased salinity conditions in the
25 southern and central Delta (Mieri&é\"’z and:
26
27
28
29
30
31
32
33
34 tidal action).
35 Existing Conditions in the Project Area
36 During the water year 2001-2006 period, mean EC concentrations tended to increase from the
37 northern Delta to the southern Delta, and from the eastern Delta to the western Delta (Figure 8-12).
38 For example, EC mean concentrations in the northern Delta were 166 and 141 micro mhos per
39 centimeter (umhos/cm) for the Sacramento River at Hood and the Mokelumne River (South Fork) at
40 Staten Island, respectively. In the southern Delta region, EC mean concentrations were 590 and 673
41 pmhos/cm for the San Joaquin River at Buckley Cove and the San Joaquin River near Vernalis,
42 respectively. As water exits the Delta, mean EC concentrations were 3,481 and 2,366 pymhos/cm for
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Water Quality

the Sacramento River above Point Sacramento and the San Joaquin River at Antioch Ship Channel,
respectively. Mean EC concentrations increased to 4,920 ymhos/cm at the Sacramento River at
Mallard Island, and were highest at Suisun Bay at Bulls Head Point near Martinez, with a value of

19,331 ymhos/cm.

Mean values for the north of Delta area were lower than in the Delta region, ranging from 65
pmhos/cm at the American River at the water treatment plant (WTP) to 120 umhos/cm at the
Sacramento River at Verona (Table 8-7). South of Delta mean values were higher than those for the
north of Delta stations examined (439 to 460 pmhos/cm), and slightly higher than the mean at the

Harvey O. Banks headworks (393 ymhos/cm, Figure 8-12).

Table 8-7. Electrical Conductivity Concentrations at Selected North and South of Delta Stations,

Water Years 2001-2006

Electrical Conductivity (4

Location Samples edian
Sacramento River at Keswick 32 108
Sacramento River at Verona 15 11 7
Feather River at Oroville 29 83
American River at WTP 120 65
California Aqueduct at Check 13 69 465
California Aqueduct at Check 29 74 456

Sources: California Department of Water Resour
Notes: ymhos/cm = micro mhos per centimeter;
a Samplesize represents water quality sam

year types
August, whic ,
March. The interior:

eatment plant
at or greater than the reportinglimit.

nd western Delta are regulated with's
to 2,780 pumhos/cmon a 14-day averaging period, which v

'm from April through
s/cm for September through
C objectives ranging from 450

y location and water year type.

Higher EC levels are allowable later in the summer as Delta inflows decrease and seawater intrusion
is more prevalent. There is a Section 303(d) listing for the western, southern, northwestern, and
export areas of the Delta regarding EC. A salinity and boron TMDL for the lower San Joaquin River
system has been adopted by the Central Valley Water Board and approved by the USEPA that
outlines the program of actions necessary to meet the seasonal 700/1000 pmhos/cm Bay-Delta
WQCP objectives for agricultural protection at the Vernalis station. A salinity TMDL addressing the
Lower San Joaquin River upstream of Vernalis 5 in progress. The Central Valley Water Board has
also been directed by the State Water Board to develop new salinity water quality objectives for the
Lower San Joaquin River upstream of Vernalis. The San Francisco Bay Regional Water Board Basin
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Water Quality

1 Plan has 0.2-3.0 millisiemens per centimeter (200-3,000 pmhos/cm) criteria for agricultural
2 supply-irrigation. No violations occurred at stations in areas where irrigation has taken place. The
3 California drinking water secondary MCL for EC is 0.9 millisiemens per centimeter (900 ymhos/cm).
4 This standard has been exceeded at the Contra Costa Pump #1 on several occasions, and on rare
5 occasions at the Delta-Mendota Canal headworks (Figure 8-13). Salinity objectives applicable to the
6 southern Delta are occasionally exceeded.
7 8.1.3.2 Bromide and Chloride
8 Background
9 Bromide and chloride are specific negatively charged ions (anions) that contribute, to salinity and
10 have the potential to most directly affect municipal and domestic supply, agricultural supply, and
11 industrial service supply beneficial uses (Table 8-1). Bromide and chloride are natutally occurring
12 . o
13 low in freshwater (i.e., up to tens of mg/L), unless influenced by draina
14 prehistoric marine landscapes, whereas typical seawater choride
15 mg/L (Hem 1985). Typical drinking water source concentrations
16
17
18 to the formation of bromate, bromoform and othér bromi '
19 potentially harmful DBPs in municipal water supplieg
20
21
22
23
24
25 alternative to Chlormatlon to re
26 Stage 2 Rules).
27
28
29
30 ater operations, bromide
31 rdiv’éi‘sions in the Delta for
32 plies, bromlde in the source water i concern because of the potential for DBP
33 formation.
34 The magnitude of the problem in the Delta can be seen by examining the range of bromide
35 concentrations during 2003 to 2007 at several locations (PPIC 2008).
36 o Contra Costa Canal (Rock Slough Intake): 0.008-0.790 mg/L.
37 o South Delta Pumps (Harvey O. Banks headworks): 0.050-0.410 mg/L.
38 o North Bay Aqueduct(BarkerSlough Pump): <0.090mg/L.
39 o Sacramento River at Hood: <0.020 mg/L.
40 o Sanjoaquin River near Vernalis: <0.480 mg/L.
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Water Quality

1 Median concentrations at the southern Delta export pumps are about 16 times higher than in the
2 Sacramento River at Hood, and other tributaries upstream of any seawater influence CALFED Bay-
3 Delta Program 2007a). Relatively high bromide concentrations in the San Joaquin River are
4 attributable to recirculation of Delta salts and bromide through the San Joaquin Valley. Bromide
5 concentration in water diverted from the southern Delta can be estimated from EC or chloride data,
6 with chloride being the most reliable indicator (PPIC 2008). For example, at the Harvey O. Banks
7 headworks (1990-2006), bromide = 0.0033*chloride, r? = 0.9547 (CALFED Bay-Delta Program
8 2007a).
9 As a major constituent that affects water quality in the Delta, the salinity discussion above fully
10 addresses the importance of chloride. Empirical data demonstrate that EC and chloride
11 concentration are strongly correlated to each other by the equation: EC (uS/cm) =3.5308*chloride +
12 192.34,12 = 0.999 (adapted from Table 1, Contra Costa Water District 2007).
13 Existing Conditions in the Project Area
14 Locations in the northern Delta have had low concentrations of bromrde I
15 years 2001-2006), with mean values of 0.02 and 0.04 mg/L at th
16 Barker Slough Pump locations, respectively (Figure 8-15). High :
17 seenin the southern Delta, With values of 0.18 mg/L at the Har piimps, 0.27 mg/L at the
18 ’ 1. The highest mean
19
20 !
21 on an annual basis (Figure 8-16), ion. For example, higher values have tended
22 to occur during the months of March thro ,' i Barker Slough Pumps, while hrghervalues
23 occurred during the October to i )
24
25
26
27
28
29 eithera bro
30 locations
31 or an “Eq ; ~
32 general, brom ncentrations are frequently abo
33 water quality o face water supply purveyors.
34 Locations in the northern Delta have had low concentrations of. ride in recent years (water
35 years 2001-2006), with mean values of 6 and 22 mg/L at the Sacramento River at Hood and Barker
36 Slough Pump locations, respectively (Figure 8-17). Higher mean concentrations are typically seen in
37 the southern Delta, with values ranging from 59 mg/L at the Harvey O. Bank pumps to 90 mg/L at
38 both the Contra Costa Pump #1 and Franks Tract. Chloride mean concentrations increased at the
39 mouths of the Sacramento River and the San Joaquin River, with the highest value of 6,380 mg/L at
40 Suisun Bay at Bulls Head near Martinez.
41 Chloride mean concentrationsin the north of Delta locations were very low (water years2001-
42 2006}, ranging from 1 to 5 mg/L (Table 8-8). South of Delta locations had mean values of 69 mg/L,
43 which were higher than that reported at the Harvey O. Banks headworks (59 mg/L, Figure 8-17).
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Water Quality

1 Table 8-8. Chloride Concentrations at Selected North of Delta and South of Delta Stations, Water
2 Years 2001-2006°

Chloride (dissolved, mg/L)

Location Samples Minimum Maximum  Mean Median

Sacramento River at Keswick 46 1 6 2 2
Sacramento River at Verona 21 2 15 5 4
Feather River at Oroville 29 1 3 1 1
American River at WTP 69 1 3 2 2
California Aqueduct at Check 13 69 23 138 69 64

California Aqueduct at Check 29 81 16 127 69 66
Source: California Department of Water Resources 2009b. ‘
a Sample size represents water quality samples having values at or greater than the reporting limit.
Notes: mg/L = milligrams per liter; WTP = water treatment plant.

3
4 Time series data for chloride displayed annual fluctuations (Figure 8:
5 peaks typically occurring in fall/winter.
6 The chloride objectives in the Bay-Delta WQCP include a m;
7 five municipal supply intakes for compliance. Additionall
8 met for a certain number of days at the Contra Costa.Gan
9 ,
10 Regional Water Board Basin Plan has a 355 mg
11 has an objective of delivering treated water;
12
13
14
15
16
17
18 ,,
19 representst
20 Evidence has
21
22 Organic carbon is a critical part of the food web and sustains atic life in the Delta and Bay.
23 However, organic carbon and bromide, a naturally occurring salt foundthroughoutthe Deltaare
24 precursors that contribute to DBP formation risk at drinking water treatment plants that use
25 disinfection processes to treat Delta surface water sources. DBPs in municipal water supplies can be
26 harmfulto humanswhen consumedat low levels over a lifetime and, thus, organic carbon
27 concentrations are of primary concern for the municipal water supply beneficial use (Table 8-1).
28 DBPs such as THMs and HAAs are known to cause liver, kidney, and central nervous system
29 problems and an increased risk of cancer (U.S. Environmental Protection Agency 2008a). The risk of
30 DBP formation at drinking water treatment plants that use Delta surface water sources has been,
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Water Quality

and will continue to be a central focus of water quality regulations for the Delta and the SWP/CVP
Export Service Area.

SR

DBP-Formation Potential

3

4 The primary disinfectants currently used to remove microbial contaminants in municipal drinking

5 water treatment plants consist of chlorine, chloramines, ozone, and ultraviolet (UV) light . Numerous
6 DBPs can be formed by disinfectants reacting with various constituents in the source water,

7 particularly DOC, bromide, and nitrogenous compounds Chlorine-based disinfectents are a cause in
8 the formation of many DBPs including the THMs i.e., chloroform, bromodichloromethane,

9 dibromochloromethane,and bromoform) and HAAs (i.e., monochloroaceticacid, dichloroacetic acid,
10 trichloroaceticacid, monobromoacetic acid, and dibromoacetic acid). Modern disinfection methods
11 used instead of chlorine to reduce DBP formation include chloramines and chlori ioxide, ozone,
12 and UV light. Ozone can substantially reduce THM formation and UV light doesn’ tf ‘m DBPs;

13 however 0zone can cause formatlon of bromate if bromlde is present in t, :

14

15

16

17

18

19 ' e distribution system to a user’s tap. The
20 is a funetion of source water quality,
21 T 5 function of treatment operational
57 > e

23

24

25

26

27 analysis of technical feasi

28 Level of Public Health Pro

29

30

31

32

33

34 factors such as pHior dlsmfectlon contact time may reduceithe formation of DBPs. Ozonation and UV
35 light are the primary existing and alternative disinfection progesses to reduce DBP formation that
36 have been considered or implemented by water purveyors that'use Delta source waters (Chen et al.
37 2010). pH reduction can control bromate formation during ozonation; however, the process

38 requires increased ozone dosage, and large amounts of acid to lower the pH and base addition to
39 raise pH after ozonation to prevent corrosion in the distribution system (TetraTech 2006a).

40 Importance in the Project Area

41 Our understanding of organic carbon dynamics in the Delta has greatly advanced in recent years,
42 due in part to intensive sampling efforts as well as research conducted by various institutions (e.g.,
43 Chow et al. 2007; Deverel et al. 2007; Drexler et al. 2009a, 2009b; Eckard et al. 2007; Kratzer et al.
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Water Quality

1 2004; Kraus et al. 2008; Saleh et al. 2007; Sickman et al. 2007; Spencer et al. 2007; Stephanauskas et
2 al. 2005; U.S. Geological Survey 2003). Sources of organic carbon in the project area include peat
3 soils, agricultural and urban runoff, wetlands, and wastewaters. Rivers supply the bulk of organic
4 carbon loading to the Delta; however, the contribution varies seasonally from approximately 50% to
5 up to 90% of the TOC load (CALFED Bay-Delta Program 2008a). Table 8-9 provides a summary of
6 organic carbon concentrations at several Delta intakes and major tributaries. In general, the highest
7 average concentrations of organiccarbon originate from the San Joaquin River and in the Delta,
8 while the lowest average concentrations originate from the Sacramento River. On an annual basis,
9 the Delta contributes about 25% of the organic carbon exported, and the remainderis contributed
10 by rivers and upstream sources (CALFEDBay-Delta Program 2008a). Peak concentrationsare
11 important to municipal drinking water treatment purveyors due to regulations that require
12 advanced treatment depending on DOC levels. Drinking water treatment plants usi
13
14
15
Maximum
Intake Form  Period TOC (mg/L)
Harvey O. Banks TOC 1986-2006 16.3
C. W.Jones (Tracy) TOC 1986-1999 5.0
CCWD 01d River TOC 1994-2006 14.0
CCC (Rock Slough) TOC 1991-2006 40.0
North Bay Aqueduct (Barker TOC 470 38.0
Slough)
Sacramento River d0C 8.6 (19.9)2
San Joaquin River at Vernalis < ' 10.5
Source: CALFED Bay-Delta Progran
Notes: ‘
ccc
CCWD
NBA
mg/L
TOC ] ,
a Maximum t tec \ . i . it d/Greene’s Landing,
> i a1 .
17 Existing Conditions in the Project Area
18 Examined locations in the Delta with the lowest observed mean concentrations of DOC during the
19 waters years 2001-2006 ranged from 1.9 to 2.2 mg/L, with the lowest concentrations occurring in
20 the Sacramento River at Hood (Figure 8-20). Higher mean concentrations of DOC occurred in the
21 southern Delta, ranging from 3.3 mg/L at the Harvey O. Banks headworks location to 3.8 mg/L at the
22 San Joaquin River near Vernalis. The highest observed mean DOC concentration occurred at the
23 Barker Slough Pump (5.7 mg/L), which is indicative of organic load flux from the Yolo Bypass which
24 is known to have high mean concentrations and relative loading (Tetra Tech 2006a). However, the
25 Yolo Bypass loading is intermittent, only occurring in large amounts in the generally wetter
26 hydrologic year types when the Yolo Bypass is used for conveyance of high flows.
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Water Quality

Mean values for the north of Delta area ranged from 1.5 mg/L at the Feather River at Oroville to 2.0
mg/L at the Sacramento River at Veteran's Bridge (Table 8-10). South of Delta mean values were
higher than north of Delta stations examined (3.2 to 3.4 mg/L)}, and comparable to the mean at the
Harvey O. Banks headworks (3.3 mg/L, Figure 8-20).

Table 8-10. Dissolved Organic Carbon Concentrations at Selected North and South of Delta
Stations, Water Years 2001-2006°

Dissolved Organic Carbon (mg/L as C)

Location Samples  Minimum Maximum Mean Median
Sacramento River at Keswick 10 0.9 2.5 1.5
Sacramento River at Veteran's Bridge 18 1.2 4.3 1.6
FeatherRiver at Oroville 28 1.0 1.5
American River at WTP 156 1.1 1.5
California Aqueduct at Check 13 115 2.1

California Aqueduct at Check 29 86 1.8

Sources: California Department of Water Resources 2009b; Sacrame
District 2004, 2005, 2006, 2007, 2008, 2009. .

Notes: mg/L = milligrams per liter; WTP = water treatmentplan
a Sample size represents water quality samples having values

of December through March at most locat
locations, whereas the San ]oaqum Rive
aresult of irrigated agricultural drai

outﬁiﬁ‘of Delta mean values were
lightly lower than the meanat

acramento River at Veterar(s Bridg
higher than north of Delta stations examined (3.9 to 4.2 v
the Harvey O. Banksheadworks (4.3 mg/L, Figure 8-23).
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Water Quality

1 Table 8-11. Total Organic Carbon Concentrations at Selected North and South of Delta Stations,
2 Water Years 2001-2006°
Total Organic Carbon (mg/L as C)
Location Samples Minimum Maximum Mean Median
Sacramento River at Keswick 15 1.0 2.6 1.5 1.4
Sacramento River at Veteran's Bridge 18 1.2 5.9 2.1 1.6
FeatherRiver at Oroville 28 1.4 3.6 2.0 1.9
American River at WTP 162 1.2 4.8 1.8 1.6
California Aqueduct at Check 13 203 2.1 12.6 42 3.5
California Aqueduct at Check 29 158 1.9 14.5 3.9 3.5
Sources: California Department of Water Resources 2009b; Sacramento Regional Cou
District 2004, 2005, 2006, 2007, 2008, 2009.
Notes: mg/L = milligrams per liter; WTP = water treatment plant
a Sample size represents water quality samples having values at or greater, limit.
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22 In the Delta, THM formation has been found to be strongly d to TOC concentrations, but
23 relationships to DOC depend on specific structural characteristics of the organic matter and research
24 has focused on the sources of DOC as being a critical factor for THM formation potential (TetraTech
25 2006a). The measurementof specific UV light absorbance at a wavelength of 254 nm (SUVA) is a
26 commonly used measure of the potential conversion of DOC compounds into aromatic compounds
27 such as THMs; however, SUVA has been found to be a generally poor predictor of THM formation
28 potential in Delta waters (TetraTech 2006a). DWR’s Municipal Water Quality Investigations (MWQI)
29 program found that HAA formation potential also is strongly correlated to DOC concentrations
30 (MWQI 2003). THMs are generally anticipated to be the most abundant DBP formed in treated Delta
31 source water, with HAA formation generally expected to be less than 50% of the THM production.
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Water Quality

1 The EPA promulgated the Stage 1 Disinfectants and Disinfection Byproducts (D/DBP) Rule in 1998
2 and the Stage 2 D/DBP Rule in 2006 under the Safe Drinking Water Act (SDWA) which collectively
3 establish the treatment standards for DBPs, tightened compliance monitoring requirements for
4 DBPs, and strengthened public health protection related to DBP exposure in municipal water
5 distribution systems. The Long Term 2 Enhanced Surface Water Treatment Rule focuses on reducing
6 illness from cryptosporidium and other disease-causing microorganisms in drinking water
7 distribution systems, and requires water utilities to balance long-term and short-term health
8 concerns posed by DBPs and pathogens, respectively. The compliance challenge for water treatment
9 plant operators is to provide adequate disinfection to protect against pathogens without forming
10 DBPs. Development of the Delta Drinking Water Policy by the Central Valley Water Board was
11 identified as a future need during the 1998 and 2001 triennial reviews of the Basin Plan, and by the
12 CALFED process, with a goal of completing the policy and associated Basin Plan amendments in
13 2013.
14 8.1.3.4 Water Temperature
15 Background
16 The temperature of water affects the physical, chemical, and biologic nment. Warmer
17 ’ :
18
19 One of the outcomes of evaporation can be an increa:
20 This is of concern with respect to potentially harm
21 and others, since toxicity to aquatic organism
22 of these toxins in water. Increasing water : s0 tends to increase chemical reaction
23 rates, which can increase chemicé’l""’stres' atic organisms. :
24 The beneficial uses in the proje by water temperature inclu
25 commercial and sport fishing; wa : : ater habitat; cold freshwater ha
26 aquatic organisms and spawiii
27
28
29
30
31
32
33 ; fected by increased
34 temperature conditions. Both high water temperature and | concentrations can negatively
35 affect aquatic life, making fish more susceptible to contaminants and disease, and can serve as a
36 barrier to migration (see Chapter 11, Fish and Aquatic Resources, for a detailed discussion of the
37 effects of temperature on Delta fish species).
38 Increasing water temperature also tends to increase aquatic plant and animal metabolism (growth,
39 respiration). When the growth rates of algae increase, there are multiple implications for drinking
40 water quality. Increased algal growth can increase the quantity of organic carbon in water, thereby
41 leading to increased formation of DBPs (see previous section for detailed discussions of organic
42 carbon and DBPs) in treated drinking water. These algae can also clog filters and other equipment
43 used for water treatment, and some species can produce harmful toxins.
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Water Quality

1 Werner et al. (2008) suggest that water temperature is perhaps the most important factor affecting
2 the biochemical and physiological processes of individual aquatic organisms, by affecting
3 contaminant transformation and excretion rates. While temperature increases cause an increase in
4 the bioaccumulation and toxicity of metals and organophosphate pesticides (Newman and Unger
5 2003), temperature increases decrease pyrethroid pesticide toxicity because of enhanced compound
6 degradation (Werner and Oram 2008).
7 River water temperature can be affected by upstreamreservoir releases in warmer weather, when
8 deep waters are colder than surface waters in reservoirs. Conversely, shallow impoundments, or
9 sloughs of the Delta, that increase the surface area and reduce the velocity of water flow, thereby
10 increasing the hydraulic residence time of the flow, can result in more heat gain than a faster flowing
11 river. Shading of water surfaces by riparian vegetation tends to reduce the amount of heat gain
12 compared to open and exposed water bodies.
13 Within the Sacramento River basin, water temperature is influenced by: (1):t
14 ‘
15
16
17
18
20 [NMFS], USEPA) and state agenc1es (California Departme tof Fis and Game [DFG], Regional Water
21 Boards). Temperature regulations are often determined.via bielogical opinions issued by the
22 resource agencies in association with Endangeret
23
24 7els through the power plant in order to
25 naintain adequate water temperatures in the
26 : ; g
27 ;
28 na ¢ mperature management decisi
29 River based on annual pla e rough a multlstakeholder Sacr
30 Task Group to balance col
31 F .
32
33
34
35 Other sources of heat include discharges from industrial'and municipal activities, such as discharges
36 from facilities that use large quantities of water for cooling )ses (e.g., power generating plants).
37 These can return water to a river that is several degrees warmer than the river temperature. Finally,
38 stormwater runoff can be heated by impervious surfaces such as parking lots, which ca drain to
39 local water bodies.
40 Importance in the Project Area
41 As described above, water temperature can influence the effects of a variety of other water quality
42 constituents. Changes in Delta water temperature may affect certain water quality constituents such
43 that aquatic life is negatively affected. Local increases in water temperature in the Delta are most
44 likely caused by agricultural and stormwater runoff, industrial and municipal waste streams, and by
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Water Quality

1 warm inflows from the San Joaquin River. Increases in water temperature can affect aquatic
2 organisms in the Delta such as fish and, in particular, the Delta is a primary migration corridor for
3 anadromous fish species that require specific temperature regimes for successful completion of
4 their life cycle (see Chapter 11, Fish and Aquatic Resources, for a detailed discussion of the effects of
5 temperature on fish species that inhabit the project area.) [Note to Lead Agencies: This section in
6 Chapter 11 is in preparation].
7 Existing Conditions in the Project Area
8 Mean temperature values for the water years 2001-2006 were similar between the examined sites
9 in the Plan Area, ranging from 16.3 to 18.9°C (Figure 8-26). The mean water temperature at the
10 Sacramento River at Hood was 17.0°C, compared to 18.0°C at the San Joaquin River near Vernalis.
11 Water temperatures at interior Delta locations averaged 18.1°C (Franks Tract near Russo’s Landing;
12 Old River at Rancho del Rio).
13
14
15
16
17
18 2006°
Location Samples ) .Maximum  Mean Median
Sacramento River at Keswick 134 10.8 10.5
Sacramento River at Verona 21.3 14.6 13.5
Feather River at Oroville 15.4 11040 " 10.5
American River at WTP 24.3
California Aqueduct at Check 13 23.7
California Aqueduct at Check 28.5
Notes: C = Celsius; WTR =w. nt plant
2 Samplesize er ampleshavingvaluesatorg
19
20 Time series
21 on an annual b
22
23 Regulatory criteria with respect to temperature are as follows*The Central Valley Water Board and
24 San Francisco Bay Regional Water Board Basin Plans contain a numerical objective that limits the
25 allowable temperature increase from controllable factors to less than 5°F. The Water Quality Control
26 Plan for the Control of Temperature in the Coastal and Interstate Waters and Enclosed Bays and
27 Estuaries of California (Thermal Plan) sets limits for thermal waste and elevated temperature waste
28 discharged into coastal waters, interstate waters, and enclosed bays and estuaries of California
29 (State Water Resources Control Board1975). Objective 5A(1)a of the Thermal Plan prohibits an
30 elevated temperature waste discharge to estuaries that exceeds the natural receiving water
31 temperature by more than 20°F (State Water Resources Control Board 1975). Objective 5A(1)b
32 prohibits a waste discharge that would cause more than a 1°F rise in more than 25% of the receiving
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Water Quality

1 water cross-section at the discharge location. Objective 5A(1)c states that no discharge shall cause a
2 surface water temperature rise of more than 4°F above the natural receiving water temperature at
3 any time. The Thermal Plan further states that for estuaries, the maximum temperature of thermal
4 waste discharges shall not exceed 86°F, and that the maximum temperature shall not be more than
5 4°F above the natural temperature of the receiving water. There are no Section 303(d) listings for
6 water temperature for the Delta. There also are no temperature criteria in the CTR, nor are there
7 any California drinking water MCLs for temperature.
g8 8.1.3.5 Dissolved Oxygen
9 Background
10 DO is a measure of the concentration of oxygen carried in a water body. Water g oxygenfrom
11 the atmosphere and from aquatic plant photosynthesis. DO in water is consumed threugh
12 respiration by aquatic animals, decomposition of plant and animal material ' ,
13
14
15
16
17 duction, and/or early
18 uch as Chinook salmon
19 se effects on aquatic life,
20 hs, and can serve as a barrier to
21 migration of anadromous fish such as Chinoo
22 2006; Schmieder et al. 2008).
23
24
25 nonpoint sources can result in ing
26 bodies (Schmieder et al. 2008) ,[See
27 the Delta). Activities that
28 aquatlc plants from sh,'
29 '
30
31
32
33
34 Although localized incidents of depressed DO concentrations may occur in the project area, it can be
35 argued that the primary concern occurs in the Stockton Deep Water Ship Channel. The San Joaquin
36 River experiences regular periods of low DO concentrations in the Stockton Deep Water Ship
37 Channel from the City of Stockton downstream to Disappointment Slough (Figure 8-5). These
38 conditions often violate the Basin Plan water quality objective for DO in the Stockton Deep Water
39 Ship Channel; they occur most often during the months of June through October, althoughsevere
40 conditions have occurred in the winter months as well (California Environmental Protection Agency
41 2006; Schmieder et al. 2008). Data also show that the frequency and severity of low DO
42 concentrations are generally worse during dryer water years (lable 8-13) (California
43 Environmental Protection Agency 2006).
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Water Quality

1 Table 8-13. Temporal Distribution of Low Dissolved Oxygen Impairment

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1983 Excursionrate {%)*> n/a n/a n/a n/a
Minimum (DO)®
1984 Excursion rate {%)? 1 7 84 91 62
Minimum (DO)® 44 39 30 28 40 47
Excursion rate {%)? 6 48 78 15
1985
Minimum (DO)® 44 3.3
Excursion rate {%)* 29 5
1986
Minimum (DO)® 44 3.1
Excursion rate (%)? 44 43
1987
Minimum (DO)® 35 36
1988 Excursion rate {%)> 51 52 52 3
Minimum (DO)® 35 33 38 48
Excursion rate {%)? 65
1989
Minimum (DO)® 3.7
Excursion rate {%)? 1
1990
Minimum (DO)®
Excursion rate (%)? 55 99
1991
Minimum (DO)®
Excursion rate {%)?
1992
Minimum (DO)®
Excursion rate (%)?
1993
Minimum (DO)® 48
Excursion rate (%)?
1994
Minimum (DO)®
Excursion.zate
1995
1996
11
1997 :
Minimum (DO)® 24 22 47 45
Excursion rate {%)?
1998
Minimum (DO)®
1999 Excursion rate {%)? n/a <1 48 20 43 100 93 39
Minimum (DO)® 49 30 31 18 17 38 38
2000 Excursion rate {%)? 4 11 11 61 28 1 12
Minimum (DO)® 47 39 29 29 27 48 47
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Water Quality

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2001 Excursion rate {%)? 5 69 75 73 61 n/a
Minimum (DO)® 4.7 25 23 30 29

Avge 5 6 14 6 6 27 34 37 36 23 3 4

Source: California Environmental Protection Agency 2006.
Notes: For each month of the year in the table, the upper number presented is the percentage of hourly DO
measurements below 5.0 mg/L recorded that month. If a cell is blank, there were no DO measurements below
5.0 mg/L that month. If a cell contains “n/a,” no data was recorded at all for that month. The lower italicized
number presented for each month is the minimum DO concentration measured that month. The average rate
{weighted to account for months with partial data sets) for the 19-year period is shown in the bottom row.

a  Excursion rate is the number of hourly average DO measurements from the California Department of Water
Resources monitoring station below 5.0 mg/L divided by the total number of such measurements recorded
that month, shown as a percentage.

b The minimum hourly average DO measurement for the month in mg/L.

¢ Average excursion rate is not the simple average of all monthly data—itisw
that had only partial data sets.

1
2
3
4
5 ,‘;w1se about 10 feet deep. The entire
6 sogular flow reversals (California
7 2pth increases the time required to
8 i -in the channel, and promotes stronger
9
10
11 The occurrence of low DO concent
12 indicating that flow and cha,
13
14
15
16
17
18
19 ver 20 years of time series data
20 suggests that the low DO problem is attributable to a Comb n of river discharge, river
21 phytoplankton, and formerly discharges of elevated ammonia levels from the Stockton wastewater
22 treatment plant, including large seasonal wastewater loading from food canneries (Jassby and Van
23 Nieuwenhuyse 2005).
24 Existing Conditions in the Project Area
25 All examined locations in the Delta had mean DO concentrations above 8.4 mg/L in recent years
26 (water years 2001-2006) except the San Joaquin River at Buckley Cove (6.8 mg/L, Figure 8-29). DO
27 minima were above 7.0 mg/L at all examined stations except the Sacramento River at Hood (4.8
28 mg/L), which was the only value at thatlocation below 6.0 mg/L during that time period, the San
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Water Quality

1 Joaquin River at Vernalis (4.3 mg/L), the Sacramento River at Mallard Island (6.5 mg/L), and the San
2 Joaquin River at Buckley Cove (3.3 mg/L), which falls under the Stockton Deep Water Ship Channel
3 water quality criteria. Mean values for the north of Delta area ranged from 9.6 mg/L at the American
4 River at WTP to 11.0 mg/L at the Sacramento River at Keswick (Table 8-14). South of Delta mean

5 values were lower than north of Delta stations examined (8.2 to 8.9 mg/L).

6 Table 8-14. Dissolved Oxygen Concentrations at Selected North and South of Delta Stations, Water

7 Years 2001-2006°

Dissolved Oxygen (mg/L)
Location Samples Minimum Maximum  Mean Median
Sacramento River at Keswick 32 7.3 15.6 11.1
Sacramento River at Verona 15 5.4 13.0 10.0
Feather River at Oroville 29 7.4 12.5 10.2
American River at WTP 120 6.5 13.0
California Aqueduct at Check 13 68 5.7 10.9
California Aqueduct at Check 29 49 0.0
Source: California Department of Water Resources 2009b.
Notes: mg/L = milligrams per liter; WTP = water treatment pl
a Sample size represents water quality samples having valuesat orgreatel n the reporting limit.

8 =i,

9 Time series data indicate that DO concentrations at the examined stations generally fluctuate on an
10 hers ,’ vetendedto occur duringthe months
11 gydur’ing]une through September.The San
12 Joaquin River at Buckley Cove sitg¢has c experience low DO concentrations, primarily in
13 the late summer to late fall period. I
14 The Central Valley Water Board ai
15 specific numerical DO object
16
17
18
19
20
21 : t
22 Agency 2006) n:objective for DO with respect to fish and wildli beneﬁcial uses exists in the 2006
23 Bay-Delta WQCP (Appendix 8A) for the San Joaquin River be Turner Cut and Stockton:

24 6.0 mg/L between September and November, or else 5.0 mg/L. There are no DO criteria in the CTR,
25 nor is there a California drinking water MCL for DO.

26 Actions that are being taken to address DO conditions in the Stockton Deep Water Ship Channel, or
27 have assisted in improving DO conditions, include the construction of water aeration devices by the
28 Port of Stockton at the confluence of the San Joaquin River and Stockton Deep Water Ship Channel
29 and by DWR with a new aeration facility at the west end of the Port of Stockton docks in the Deep
30 Water Ship Channel. DWR’s aeration facility is much larger than the Port of Stockton system and

31 injects pure oxygen into the Deep Water Ship Channel through a 200-foot long diffuser during

32 periods when DO conditions approach, or drop below, 5 mg/L. Testing of the facility during 2008-
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Water Quality

1 2010 indicates that the aeration facility can help prevent exceedances of the DO objectives, but is not
2 sufficient to preventlow DO under all possible upstream oxygen loading conditions (ICF
3 International 2010). Additionally, the City of Stockton Regional Wastewater Control Facility (RWCF)
4 constructed nitrifying bio-towers that became operational in 2006 which, by converting ammonia to
5 nitrate, reduce the historic ammonia loading rate and its associated oxygen demand to the San
6 Joaquin River by about 90%.
7 8.1.3.6 Turbidity and Total Suspended Solids
8 Background
9 Total suspended solids (TSS) is a measure of the particulate matter that is suspended in the water
10 column. Turbidity is a measure of the optical property of water that causes hght to be scattered and
11 :
12
13 (3) dissolved chemicals. Hence, suspended solids are but one of the facto:
14 often the dominant one. Thus there is typlcally, but not always, a good re
15 :
16
17
18
19
20
21
22
23 such as viruses, parasites, and some bac
24 efficiency of disinfection techn,
25
26
27
28
29
30
31
32 , ,
33 These results suggest that the greatest concern for human health is not TSS itself, but rather the
34 contaminants associated with the solids and sediment, wh bioaccumulate up the aquatic food
35 chain and be consumed by humans (e.g, fish, shellfish).
36 Elevated levels of turbidity and TSS limit light penetration into the water column, altering
37 photosynthesis, primary production, and fish behavior (Schoellhamer et al. 2007b). After runoff
38 events, TSS can settle to cover streambed spawning sites for fish and also alter macroinvertebrate
39 habitat.
40 Importance in the Project Area
41 A major historical source of TSS in central California was hydraulic mining for precious metals in the
42 late 1800s and early 1900s. The majority of this mining sediment has passed through the Delta
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Water Quality

1 system, although mine tailings remain in many watersheds. The construction and operation of dams
2 in the Sacramento and San Joaquin River system has the effect of reducing TSS concentrations
3 downstream because sediments become trapped in the reservoirs. Floodplain managementin the
4 form of levees can contribute to in-stream erosion by confining the flow to the channel and
5 increasing streambed shear stress (Schoellhamer et al. 2007b). However, the use of bank protection
6 materials likely reduces this effect.
7 Given that the dam and levee systems in place are unlikely to be removed, the human activity that
8 most likely affects sediment delivery to the Delta is soil erosion associated with agricultural and
9 urban land uses. These activities are pertinent because they occur downstream from the major dams
10 on the system (Schoellhamer et al. 2007b). Examples include crop production, livestock production,
11 and construction activities. Stormwater runoff and overland flow are the likely mechanisms
12 delivering sediment to streams and larger rivers.
13 Maintenance of the islands and wetlands in the Delta depends on replenish f their sediments
14 from upstream sources. At the same time, erosion in Delta channels may: ‘
15 contaminated sediments that can negatively affect biota and drinking wat
16 also been identified as a source of toxic sediments to the San Fran s
17 2007).
18 In addition, aquatic species such as the delta smelttend t
19
20
21
22
23 -emain suspended in the water column
24 > column play an imp tan n chemical
25
26
27
28
29
30
31
32
33 , o than TSS has resulted in less
34 TSS data in recent years Hence, turbidity data are examined |
35 Most examined locations in the Delta have had low mean values of turbidity in recent years (water
36 years 2001-2006), with mean values typically ranging from 8 to 13 nephelometric turbidity units
37 (NTU) (Figure 8-33). The exceptions include the major system inputs (Sacramento River at Hood [18
38 NTU]) and the San Joaquin River near Vernalis (23 NTU), natural outflows (Sacramento River above
39 Point Sacramento [19 NTU] and San Joaquin River at Antioch Ship Channel [18 NTU}), and the
40 Barker Slough Pumps (40 NTU).
41 Mean values for the north of Delta area were typically 5 NTU, with the exception of 19 NTU at the
42 Sacramento River at Verona (Table 8-15). South of Delta mean values were typically 6 NTU.
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22

23

24
25
26
27
28

Water Quality

Table 8-15. Turbidity Concentrations at Selected North and South of Delta Stations, Water Years

2001-2006"

Turbidity (NTU)
Location Samples Minimum  Maximum  Mean Median
Sacramento River at Keswick 17 9 33 5 3
Sacramento River at Verona 18 4 68 19 12
FeatherRiver at Oroville 5 2 10 5 4
American River at WTP 119 1 146 5 2
California Aqueduct at Check 13 69 1 23 6 6
California Aqueduct at Check 29 74 2 21 6 5
Source: California Department of Water Resources 2009b.
Notes:
NTU = nephelometric turbidity unit
WTP = watertreatmentplant

a Samplesize represents water quality samples having values at or greater t

8.1.3.7

parameter. The secondary California drinkin
NTU which has often been exceeded at th

the daily samp
not exceed 0.3

Ammonia

Background

in 95% of dally samples in any month.

ltration) in at least 95% of
never exceed INTU, and must

Ammonia, a form of nitrogen, primarily exists in two forms: un-ionized ammonia (NHz) and an
ionized form—ammonium (NH4*). The equilibrium between un-ionized ammonia and ammonium
depends primarily on pH, and also on temperature and salinity. Un-ionized ammonia is a gas that is
toxic to animals, while ammonium is dissolved in water, and is an important nutrient for plants and
algae. Both ammonium and ammonia are present in effluent from wastewater treatment plants that
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Water Quality

1 employ secondary treatment methods, in some types of agricultural runoff (i.e., fertilizers, animal
2 wastes), fish and other wildlife wastes, and atmospheric depositions (Ballard et al. 2009:2).
3 Ammonia can be toxic to aquatic organisms at very low concentrations. Human-induced excesses in
4 nitrogen concentrations can cause eutrophication, or increased biological production. Eutrophic
5 conditions result in enhanced death and decay of biomass and create an oxygen demand in
6 sediments that lowers DO concentrations in the water column (Wetzel 2001). Eutrophic conditions
7 can also affect turbidity and, therefore, the light regime, which can cause changes in the balance of
8 benthic and planktonic productivity.
9 The beneficial uses that could be affected most by ammonia concentrations include aquatic
10 organisms (cold freshwater habitat, warm freshwater habitat, and estuarine habitat), or activities
11 that depend on aquatic life (shellfish harvesting, commercial and sport fishing). Dtinking water
12 supplies (municipal and domestic supply) and recreational activities (water contact recreation,
13 noncontact water recreation) are indirectly affected from nuisance eutrophicat cts of
14 ammonia (Table 8-1). See the previous sections for greater detail with res ationships of
15 DO and turbidity to water quality.
16
17
18
19
20
21
22
23
25 cyanobacteria (Tetra Tech 2006a). The
26 some species and their toxins are
27
28
29
30
31
32 , . , amioni nown to stimulate plant
33 ) i -N, and u uppress growth of some
34 sensitive plants. Elevated concentrations of ammonium-N and.other nutrients may also benefit
35 invasive aquatic plants in the Delta, which are controlled in Delta channels through chemical
36 herbicides and mechanical removal (Ballard et al. 2009:6).
37 Since 2000, the unexpected decline of four pelagic (open-water) fishes (delta smelt, longfin smelt,
38 juvenile striped bass, and threadfin shad) has spurred research to determine possible causes. This
39 decline has collectively become known as the Pelagic Organism Decline (POD). This shift likely is
40 caused by a variety of factors related to changes in climate, food webs, land use, and water project
41 operations; ammonia/ammonium is only one of several potentially important factors (Ballard et al.
42 2009:1).
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Water Quality

1 The composition of the phytoplankton community has generally shifted from diatoms toward green
2 algae, cyanobacteria, and miscellaneous flagellate species (Lehman 2000). The changes in
3 phytoplankton composition, and especially the now regularly occurring Microcystis blooms, have
4 been implicated as possible factors in the decline of important Delta pelagic fish species, but the
5 connection with ammonia is not clear (Ballard et al. 2009:5).
6 Wilkerson et al. (2006) concluded that the high nutrient, low chlorophyll condition in the northern
7 and central parts of San Francisco Bay is due primarily to light availability modulated by the
8 interaction between ammonium and nitrate, and the relative concentrations of the two forms of the
9 dissolved inorganic nitrogen pool available to the phytoplankton. Field measurements and
10 experiments by Dugdale et al. (2007) demonstrated that elevated ammonium concentrations in San
11 Francisco Bay can have an inhibitory effect on nitrate uptake, limiting phytoplankton productivity.
12 The Sacramento Regional Wastewater Treatment Plant (SRWTP) is the largest single pomt source of
13 ammonium and ammonia in the Delta The SRWTP'S output has mcreased um:
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28 and stressors, and dlffere
29 state add uncertainty te
30
31
32
33 and benef1c1a ¢
34 2009).
35 Existing Conditions in the Project Area
36 Most examined locations in the Delta have had low concentrations of ammonia-N in recent years
37 (water years 2001-2006), with mean values typically ranging from 0.03 to 0.11 mg/L (Figure 8-36).
38 The two exceptions are the Sacramento River at Hood and the San Joaquin River at Buckley Cove.
39 The Hood station had a mean value of 0.27 mg/L, a median value of 0.23 mg/L, and a maximum
40 value of 0.84 mg/L. The most likely source of the ammonia-N is the SRWTP. The Buckley Cove
41 station had a mean value of 0.58 mg/L, a median value of 0.40 mg/L, and a maximum value of 2.94
42 mg/L. The mostlikely source of the ammonia-N is the City of Stockton Wastewater Treatment
43 Facility; however, the City of Stockton has since installed a nitrifying biotower system that converts
Bay Delta Conservation Plan Administrative Draft February 2012
EIR/EIS 8-50 ICF 00674.11

ED_000733_DD_NSF_00018671-00050



Note to Reader: This is a preliminary draft prepared by the BDCP EIR/EIS consultants and is based on partial information/data. It has not been reviewed or approved by the Lead Agencies
and does not reflect the Lead Agencies’ or Consultant’s opinion that it is adequate for meeting the requirements of CEQA or NEPA. This document is expected to go through several

revisions prior to being released for formal public review and comment in 2012. All members of the public will have an opportunity to provide comments on the public draft of the revised
version of this document during the formal public review and comment period. Responses will be prepared only on comments submitted in the formal public review and comment period.

Water Quality

1 nearly all ammonia in the wastewater to nitrate in the final effluent that is discharged to the San
2 Joaquin River.
3 Mean values for the north of Delta area ranged from 0.01 mg/L at the Feather River at Oroville to
4 0.07 mg/L at the Sacramento River at Keswick (Table 8-16). South of Delta mean values ranged from
5 0.02 to 0.03 mg/L.
6 Table 8-16. Ammonia Concentrations at Selected North and South of Delta Stations, Water Years
7 2001-2006°
Ammonia (mg/L as N)
Location Samples Min Max Mean Median
Sacramento River at Keswick 25 0.03 0.24 0.03
Sacramento River at Verona 9 0.01 0.10 0.03
FeatherRiverat Oroville 8 0.01 0.03 0.01
American River at WTP 14 0.01 0.06 0.02
California Aqueduct at Check 13 26 0.01 0.12 0.02
California Aqueduct at Check 29 20 0.01 ' 0.01
Source: California Department of Water Resources 2009b.
Notes: mg/L = milligrams per liter; WTP = water treatment plant
a Sample size represents water quality samples having va
8 .
9
10
11
12
13
14
15 mtrogen for plant nutrien
16 ionized ammonia Concgnt
17
18
19
20 a are madequate to assess
21 he Central Valley Water Board
22 ,
23 ammonia through its narrative toxicity objective. Water Bo aff rely on the USEPA National
24 Recommended Water Quality Criteria for ammonia (EPA- 822 R-99-014, December 1999) to
25 numerically interpret the narrative standard with regard to ammonia.
26 8.1.3.8 Other Nutrients
27 Background
28 Nutrients, primarily nitrogen (N) and phosphorus (P), play a complex role in water quality
29 (ammonia-N is discussed in the previous section) and the health of aquatic ecosystems. P is
30 generally considered a limiting nutrient in freshwater systems, while N is generally considered a
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Water Quality

1 limiting nutrient in marine systems. A limiting nutrient is one that is in shorter supply for organisms
2 that depend on nutrients for groth relative to the other nutrients, and thus increases or decreases in
3 the limiting nutrient affect primary productivity. In freshwater rivers, P is usually bound to particles,
4 complexing with elements such as iron. When this freshwater enters estuaries and becomes more
5 saline, the P-iron complex disassociates and the P is released in a form that can be readily absorbed
6 by algae. Hence there is, in many instances, adequate P available for algal growth in estuary
7 conditions.
8 The beneficial uses most directly affected by nutrient concentrations include those relevant to
9 aquatic organisms (cold freshwater habitat, warm freshwater habitat, and estuarine habitat),
10 drinking water supplies (municipal and domestic supply), and recreational activities (water contact
11 recreation, noncontact water recreation), which can be indirectly affected by the nuisance
12 Do . 1), . . ’ . ,
13 i
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
31 el hi i uin Ri yproximately 1.6 mg/Land 0.16
32 | ( '
33 respectively). TN was typically in the form of nitrate-N. TP ¢omp on varied from high to low
34 concentrations of particulate-P. TP concentrations showed little inter-seasonal variation for these
35 two rivers, but higher TN concentrations were seen in the Sacramento River during wet months and
36 in the San Joaquin River during dry months (Tetra Tech 2006).
37 Overall, TN and TP concentrations in the San Joaquin River and the Delta are relatively high, and are
38 at concentrations that would be classified as eutrophic waters. Given the abundance of nutrients,
39 primary productivity in the Delta is fairly low (Jassby et al. 2002), suggesting that factors other than
40 nutrients are limiting, specifically light limitation caused by turbidity levels. The San Joaquin River
41 exhibits symptoms of eutrophic conditions, notably low DO concentrations that impair migration of
42 cold and warm freshwater species (Jassby 2005). However, when waters from the Delta are pumped
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Water Quality

out in aqueducts for transport, or stored in reservoirs along the way, other limitingfactors may
2 disappear and high levels of algal growth may result (Tetra Tech 2006b).

3 Although effects on water quality are usually related to concentrations of constituents, load
4 estimates may facilitate identification of important sources. Tributary loads were found to vary
5 substantially between wet and dry years, with loads from the Sacramento River exceeding the San
6 Joaquin River loads by nearly a factor of two or greater, especially in dry years (Tetra Tech 206b).
7 Forest/rangeland loads may dominate the overall N loads for the Sacramento Basin and agricultural
8 loads may dominate in the overall N loads to the San Joaquin Basin, particularly for wet years. Point
9 source loads from wastewater discharges may contribute nearly half or more of the overall N and P
10 loads during dry years in both basins, and possibly during wet years for P in the San Joaquin Basin.
11 Current estimates for in-Delta contribution of nutrients from agriculture on the Delta islands are
12 small compared to tributary sources (Tetra Tech 2006b).

13 TN and TP are often subdivided into different chemical species. Filtered w, ples consist of

19

20
21
22
23
24 i
25 were seen at the San joaquin Ris
26 (1.63 mg/L).

27
28
29
30
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Water Quality

1 Table 8-17. Nitrate/Nitrite Concentrations at Selected North and South of Delta Stations, Water
2 Years 2001-2006"
Nitrate/Nitrite {mg/L as N)
Location Samples Minimum Maximum  Mean Median
Sacramento River at Keswick 44 0.03 0.99 0.10 0.08
Sacramento River at Verona 19 0.02 0.34 0.12 0.09
FeatherRiver at Oroville 40 0.01 0.20 0.06 0.04
American River at WTP 39 0.01 0.36 0.07 0.05
California Aqueduct at Check 13 27 0.18 1.50 0.62 0.59
California Aqueduct at Check 29 29 0.19 1.70 0.64 0.50
Source: California Department of Water Resources 2009b. ‘
Notes: mg/L = milligrams per liter; WTP = water treatment plant
a Sample size represents water quality samples having values at or greater than
3
4 Time series data indicate that NO3/NO»-N concentrations at the ex;
5 fluctuate on an annual basis (Figure 8-40 and Figure 8-41). Higher
6 during the months of November through March.
7 Orthophosphorus
8
9 2006), with mean values typically ranging fro
10 the Barker Slough Pumps (mean 0.10 mg/
11 and San Joaquin River at Buckley Cove (
12
13
14
15
16
Location Samples Median
Sacramento Keswick 41 0.02
Sacramento River gt Verona 18 0.02
FeatherRiver at Oroville 7 0.01
American River at WTP 8 0.01
California Aqueduct at Check 13 27 0.07
California Aqueduct at Check 29 2 0.04 0.15 0.10 0.10
Source: California Department of Water Resources 2009b.
Notes: mg/L = milligrams per liter; WTP = water treatment plant
a Sample size represents water quality samples having values at or greater than the reportinglimit.
17
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Water Quality

1 Time series data indicate that ortho-P concentrations at the examined stations generally fluctuate on
2 an annual basis (Figure 8-43 and Figure 8-44). However, some stations have seen higher values
3 during the summer and fall months, while other stations have seen higher values during the winter
4 and spring months.
5 Total Phosphorus
6 Most examined Delta locations have had low concentrations of TP in recent years (water
7 years 2001-2006), with mean values typically ranging from 0.08 to 0.11 mg/L (Figure 8-45). As
8 seen with ortho-P, exceptions include the Barker Slough Pumps (mean 0.20 mg/L), the San Joaquin
9 River near Vernalis (mean 0.19 mg/L), and San Joaquin River at Buckley Cove (0.25 mg/L).
10 Mean values for the north of Delta area were between 0.06 and 0.08 mg/L, with the exception of a
11 lower value of 0.02 mg/L at the American River at WTP (Table 8-19). South of Delta mean values
12 were higher than north of Delta and Plan Area stations examined, with mear :
13 near those seen in the Plan Area. /
14 Table 8-19. Total Phosphorus Concentrations at Selected North and
15 Years 2001-2006°
Location Samples Median
Sacramento River at Keswick 44 0.02
Sacramento River at Verona 19 0.04
FeatherRiver at Oroville 0.02
American River at WTP 0.02
California Aqueduct at Check 13 0.10
California Aqueduct at Check 2 0.09
Source: California Department of V
Notes:
mg/L =
WTP =
16
17
18
19 Regulatory criteria withrespect to N and P are as follows. Reg
20 N and/or P could be considered biostimulatory substances because they are plant nutrients. There
21 are no numerical water quality criteria for nutrients in the CTR or the Central Valley Water Board
22 Basin Plan. The San Francisco Bay Regional Water Board Basin Plan has objectives of 30 mg/L NO3
23 plus NHq as N for agricultural supply—irrigation, and 100 mg/L NO3z/NO2-N for agricultural
24 supply—livestock watering. The California drinking water MCL is 1 mg/L for NOz-N and 10 mg/L for
25 NOs3-N. Individual measurements of NO2-N and NOs-N were scarce, so assessment of the MCL values
26 is not possible. NO3/NOz-N and NH4-N data are readily available; there were no exceedances with
27 respect to the San Francisco Bay Regional Water Board Basin Plan water quality objectives noted.
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Water Quality

1 8.1.3.9 Mercury

2 Background

3 Mercury and its biologically active methylated form is an element of statewide concern. Mercury

4 presentin the Delta, its tributaries, Suisun Marsh, and San Francisco Bay today is derived from both

5 current processes and as a result of historical deposition. The majority of the mercury present (and

6 hence the impacts on beneficial uses) are the result of historical mining mercury ore in the Coast

7 Ranges (via Putah and Cache Creeks to the Yolo Bypass) and the extensive use of elemental mercury

8 to aid gold extraction processes in the Sierra Nevada (via Sacramento, San Joaquin, Cosumnes, and

9 Mokelumne Rivers) (Alpers et al. 2008:6; Wiener et al. 2003). Residual mercury in soils impacted by
10 historic mining continues to contribute to mercury concentrations in water and sediments of the
11 Delta and its tributaries. The mercury supplied from historical gold mining process S appears to be
12 the most bioavailable of the two primary sources, because that mercury was |

13 rather than left as more refractory ore and tailings(Central Valley Reglonf
14 Board 2008a).
15
16
17
18
19
20 j
21 i ildlife. it ”;beneﬁmal uses most directly affected
22 " ' nd sport fishing activities that pose a
23
24
25
26
27
28 and Office of Administrati
29 water bodies on the S¢
30
31
32 waterborne concentrationsis
33 mme mercury bioavailability. A conceptual model is needed to determine the
34 importance of sediment, fish tissue, and methylated mercuryas measures of exposure and risk in
35 the system. A description of this model follows, and then concentrations in sediment and fish tissues
36 are detailed.
37 Conceptual Model of Mercury and Methylmercury Transport and Fate in the Delta
38 Several conceptual models have been created for the Delta to describe important linkages among
39 waterborne loading, waterborne concentrations, and water, sediment, and biotic processing of
40 mercury and methylmercury (Ecosystem Restoration Program Delta Regional Ecosystem
41 Restoration Implementation Plan [ERP DRERIP]). Figure 8-48 shows the important linkages,
42 pathways, and relative importance of each in determining bioavailability; the important links
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Water Quality

1 between sediment processes and biotic uptake are emphasized. Mercury is strongly particle-
2 associated and tends to settle and accumulate in sediment deposition areas that facilitate mercury
3 methylation by sulfur-reducing bacteria. From that point in the cycle, diet (rather than waterborne
4 concentration) is the primary route for methylmercury exposure to fish, wildlife, and humans.
5 The goal of mercury conceptual models (such as Alpers et al. 2008:ii) and plans created for
6 integrated mercury investigations as part of Delta restoration efforts (such as Wiener et al. 2003)
7 has been to identify linkages that can then be used to guide restoration efforts toward the least
8 harmful alternatives (i.e., the alternative with the least potential to exacerbate mercury-related
9 effects). Aside from controlling upstream sources of mercury and methylmercuryloading to the
10 Delta, it may also be important to limit the conversion of elemental mercury to the more
11 bioaccumulative and toxic methylmercury in Delta environments. For that reason, the Central Valley
12
13
14
15 health effects on humans or wildlife. At every step of the process, oppor?
16 outcomes and minimize impacts from mercury toxicity.
17
18
19 determining risks to fish, wildlife, and humans fr

20 Delta.
21 ¢ Source of inorganic mercury (atmospheric and gold:

22 & Nutrient enrichment (high nutrient su
uptake, bioaccumulation, and methyla

24 o

25 = Sediment organic content ane

26 favor methylation).

27 C  Water residence time

28 areas favor methylati

29 o sonal or annual flooding enh

30 umulationin certain areas of the Delta) (Slotton e

31 o age stritcture (top predators an plder, lafg fish'agcumulate higher tissue

32 of methylmercury). |

33 Existing Conditions in the Study Area

34 Water Concentrations

35 Water quality data from the Delta and Suisun Marsh include records of mercury and methylmercury
36 waterborne concentrations as total or filtered water fractions. Water quality summary information
37 since 1999 is shown in Table 8-20. The general pattern of mercury waterborne loading to the Delta
38 shows the dominance of mercury mining sources via Cache Creek and Yolo Bypass (Central Valley
39 Regional Water Quality Control Board 2008b); however, the waterborne average concentrations do
40 not reflect the same pattern as loads (Table 8-21). Instead, the eastside tributaries and San Joaquin
41 River show higher mercury and methylmercury concentrations than the Sacramento River inputs.
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Water Quality

1 Sediment Concentrations
2 It has been estimated that the flux of methylmercury from Delta sediments contributes up to 36% of
3 the waterborne methylmercuryload in the Delta (Central Valley Regional Water Quality Control
4 Board 2008a). Therefore, the spatial variability of mercury and methylmercury in sediments is an
5 important characteristic of the Delta’s current condition for mercury exposure, and could be
6 important for determining future mercury risk. Table8-21 shows the pattern of surface sediment
7 mercury throughoutthe Delta and Suisun Bay.
8 The CALFED sediment mercury study reported that total mercury in sediments varied spatially but
9 not seasonally (Heim et al. 2007). Total mercury concentrations (the sum of elemental and
10 methylmercury) in sediment were most elevated in the influent tributary streams and Suisun Bay,
11 as compared to the central and southern Delta.
12 In contrast, methylmercury showed both spatial and seasonal variations in
13 :
14
15
16
17
18 e
19 accumulation of fine sediments in the marsh and su equent methylation of elemental mercury in
20 those locations (Heim et al. 2007). '
21 Fish Tissue Concentrations
22 Re51dent Delta fish accumulate mercury marily;through dletary exposure larger piscivorous
24
25 Resident species include larger fi:
26 smaller, forage fish (such as:i
27
28
29 The merc
31 contaminatio} . , the ti ncentra tigns of mercury in
32 largemouth bass Delta in Figure 8-49 (1999-
33 2000 data). Note that the Sacramento River inflows and Cosumnes River were the areas of highest
34 fish tissue bioaccumulation, whereas these larger sport fish niformly lower tissue
35 concentrations in the central Delta.
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Water Quality

Table 8-20. Mercury and Methylmercury Surface Water Concentrations at Tributary Inputs and the Delta’s Major Outputs

Mercury Concentration (ng/L) Methylmercury Concentration {ng/L})
No. of Year No. of Year
Site Samples Min. Max. Mean Collected Source in. Max. Mean Collected Source

Mercury Concentrations for Tributary Inputs

Sacramento River 26 0.2 2.7 0.5 2006-2007 DWR Website
at Keswick

Sacramento River  — —_ —_— —_ —
at Keswicka

Feather River 5 0.2 0.7 0.4 2006-2007
at Oroville

Feather River — — — — — — —

at Oroville2

Sacramento River 5 0.8 _ — —_ _ _

atVerona

Sacramento River = — — — — — — —

atVerona?

Sacramento River 45 1.2 Central Valley 0.24 0.10 2000-2003 CentralValley

at Freeport Water Board Water Board
2008a 2008a

Sacramento River 0.03 2000 Central Valley

at Freeport Water Board

2008a

2000-2004

San Joaquin River 0.09 0.26 0.15 2000-2001, BDAT 2010;

at Vernalis 2003-2004 Central Valley
Water Board
2008a

San Joaquin River 0.8 0.01 0.08 0.03 2000-2002 BDAT 2010;

at Vernalis® Central Valley
Water Board
2008a;
USGS Website
2010
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Water Quality

Mercury Concentration {ng/L) Methylmercury Concentration {ng/L)
No. of Year No. of Year
Site Samples Min. Max. Mean Collected Source Samples Min. Max. Mean Collected Source
Mokelumne River 21 0.3 12.0 4.5 2000, 2001, CentralValley 23 0.02 032 0.12 2000,2001, CentralValley

atl-5 2003 Water Board 2003 Water Board

2008a 2008a
Mokelumne River 0 — — — — 0.17 0.06 2000 Central Valley
atl-52 Water Board

2008a

Cosumnes River 1 1.4 1.4 1.4 2002 041 041 2002 USGS Website
at Michigan Bar? 2010
CalaverasRiverat 4 13 26 20 2003-2004 011 19 0.14 2003-2004 Central Valley
Rail Road upstream Water Board
of West Lane 2008a

Mercury Concentrations for Delta’s Major Outputs

Delta-Mendota 23 1.9 6 3.3 0.01 0.17 0.05 2000,2001, CentralValley
Canal at Byron 2003 Water Board
Highway 2008a
Delta-Mendota 0 — 0.03 2000 Central Valley
Canal at Byron Water Board
Highway? 2008a
Swp 20 1.2 Central Valley 0.04 2000,2001, CentralValley
Water Board 2003 Water Board
2008a ‘ o 2008a
SWpa 0.02 0.08 0.03 2000 Central Valley
Water Board
2008a
X2 0.007 0.24 0.05 2000,2001, CentralValley
2003 Water Board
2008a
X2a 0.02 0.06 003 2000 Central Valley
Water Board
2008a
Suisun Bay 34 2.52 3524 943 2000-2008 SFEIWebsite 36 8E-05 0.18 0.03 2000-2008 SFEIWebsite
2010 2010
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Water Quality

Mercury Concentration {ng/L) Methylmercury Concentration {ng/L)

Site

No. of
Samples Min. Max. Mean

Year
Collected

No. of
Source Samples  Min.

Year
Collected Source

Suisun Bay?

35 0.16 480 0.84

2000-2008

SFEI Website 32

8E-05 0.10

2000, SFEI Website

2010 2002-2008 2010

California — —_ —_ —_— —_ —
Aqueduct
Check 13

California 36 02> 0.2 0.2> 2000-2005
Aqueduct 2010
Check 132

California —_ —_ —_ —_ —_
Aqueduct
Check 29

California 152 0.26 026 0.2 2000-20
Aqueduct
Check 292

Sources: BDAT 2010; Central Valley Regional Water
Notes: Max. = maximum, Min. = minimum, 4
2 Dissolved concentration of analyte.
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Water Quality

Table 8-21. Mercury and Methylmercury Sediment Concentrations for Tributary Inputs, the Delta, and Suisun Bay

Total Mercury Methylmercury

Sample (ng/g Dry Weight) (ng/g Dry Weight)

Site Type Samples  Min. Max. Mean . Samples  Min. Max. Mean  Year

Concentrations at Tributary Inputs

Sacramento River, Colloid 4 140 290 208 — — — —

Freeport?

Sacramento River, Bed Sediment 1 267 267 — — — —

Freeport?

Concentrations in Delta and Suisun Bay

North Deltab Surficial 11 0.12 0.64 0.35 1999
Sediment -

East Deltab Surficial 110 1999 9 0.02 0.68 0.3 1999
Sediment

Central and West Delta? Surficial 77 1999 12 0.019 1.1 0.36 1999
Sediment

Central and West Deltac Surficial 0.02 0.7 0.11 2000-
Sediment 2008

Suisun Bay? Surficial 0.019 9.3 0.45 1999
Sediment

Suisun Bay¢ Surficial 0.004 0.82 0.13 2000-
Sedimen 2008

Sources: Heim et al. 2007; SFEI We

Notes:

Max. =

Min. =

ng/g =

a Source: USGS Website 2

b Source: Heim et al. 2007

¢ Source: SFEI Website 2010
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Water Quality

1 Larger, piscivorous resident fish, in general, provide a good record of fish tissue mercury as a
2 baseline condition for the Delta. Largemouth bass were chosen because they are popular sport fish,
3 top predators, live for several years, and tend to stay in the same area (exhibit high site fidelity).
4 Consequently, they are excellent indicators of long-term average mercury exposure, risk, and spatial
5 pattern for ecological and human health. Results from a study of mercury in sport fish from the Delta
6 region found the median largemouth bass tissue mercury concentratiorito be 0.53 mg mercury per
7 kilogram (Hg/kg) wet weight (Davis et al. 2008). Recent summaries from tributary inputs to the
8
9 8-22).
10 Current fish tissue concentrations thus exceed both adopte
11 from the EPA. The draft Delta TMDL for methylmercury,t alley Water Board has
12 recommended fish tissue goals (fillet concentrati kk rcury) of 0.24 mg Hg/kg wet
13 weight in trophic level 4 fish (adult, top predatory
14 Valley Regional Water Quality Control Board 200¢
15 national recommended water quality crite
16
17
18
19
‘) Length
(mm)
Site Min. Year
San Joaquin | 226 1998-2000
downstream
2 22 210 1999-2000
1999-2000
maximum
= milligrams mercury per kilogram
= minimum
= millimeters
20
21 Surprisingly, spatial patterns of mercury bioaccumulation in larger piscivorous sport fish do not
22 show a clear link to zones of active sediment methylation in the Delta. In the Davis et al. study, the
23 highest levels of fish tissue concentrations were found in the north Delta, Cosumnes River, and San
24 Joaquin River, and lower fish tissue concentrations were found in the central, marsh-like Delta
25 locations (Davis et al. 2008). The pattern seems to reflect the importance of source waters of
26 methylmercury more than areas of secondary methylation in marshy locations or wetlands. In fact,
27 in a related comprehensive study, Delta sport fish (including largemouth bass) mercury
28 concentrations were found to not directly relate to the presence of wetlands. The authors found that
29 the data “contradicted the prevailing notion that wetlands generally increase methylmercury
30 accumulation in the food web” (Melwani et al. 2007). Nevertheless, the authors acknowledged the
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Water Quality

1 complexity of developing such relationships on a watershed scale; small-scale local factors may be
2 the most important determinants of mercury bioaccumulation. In a subsequent study, the same
3 authors suggest that in the case of the Delta, waterborne methylmercury may be a more important
4 determinant of fish bioaccumulation than sediment mercury and the associated sites where
5 methylation occurs (Melwani et al. 2009). Furthermore, laboratory studies of mercury uptake in
6 Delta species indicate that much higher assimilation and uptake was observed in waters of lower
7 DOC (as might be expected from the tributaries versus the interior Delta} {Pickhardt et al. 2006).
8 This finding may help explain the dissimilar spatial pattern betw
9 methylmercury in the areas studied waterborne methylmercu
10 than sediment methylation in explaining the patterns of fish m
11 In addition to human exposure as estimated from larg ;
12 body fish tissues from various smaller species providesslightly
14 ¢eumulation over small spatial scales
15 re juveniles of predatory fish or were
16 h site fidelity; thus, they were good monitors of
17 vod indicators of short-term seasonal or
18 biosentinel monitoring program (Slotton et al.
19 ’
20 Episodic, aperiadic, or nonroutine floeding (such as seasonal. s, extremely high tides,
21 and managed matsh floodi ormérly dry sediments leads. ed methylmercury
23
24
25
26
27 ith large variations inthe g
28 rent pattern of mercury bioaccumul
29 ( ;
30 pathways. Larger, piscivorous fish almost uniformly exhibit greater tissue mercury concentrations
31 than human diet consumption guidelines, and are linked to sources of influent loading (Central
32 Valley Regional Water Quality Control Board 2008b). Smaller, short-lived fish demonstrate clear
33 spatial patterns of bioaccumulation and the effects of enhanced mercury exposure following the
34 flooding of usually dry areas (Slotton et al. 2007).
35 Regulatory criteria with respect to mercury are as follows. Applicable water quality criteria for
36 judging the degree of contamination and effects of future changes in concentrations include the
37 following.
38 o The CTR contains criteria for human health protection of 50 ng/L for freshwaterand 51 ng/L for
39 saltwater, which are expressed in the total recoverable form of the metal.
40 o The national recommended water quality criterion for total mercuryis 770 ng/L to protect from
41 chronic exposure to freshwater aquatic life and 940 ng/L for marine life (U.S. Environmental
42 Protection Agency 2006b).
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Water Quality

1 = The Delta methylmercury TMDL recommended water column concentration of methylmercury,
2 protective of fish bioaccumulation, is 0.06 ng/L (Central Valley Regional Water Quality Control
3 Board 2008b).
4 o The San Francisco Bay mercury TMDL recommended water column concentration of total
5 mercury is 25 ng/L (4-day average).
6 A comparison to Table 8-21 shows that the total mercury criterion (25 ng/L) is exceeded in the
7 Sacramento River at Freeport, the Calaveras River, Suisun Bay, and“D Ita exports. In contrast, many
8 of the mean and maximum methylmercury concentratlons inw -xceed the suggested guidelines
9
10
11
12
13 lie:
14 ,the food chain (Figure 8-48) more than
15 nt. Instead sedlment concentrations of
16 /
17
19 : y Control Board 2008b).
20 This is in comparisonite, | reury concentrations of
21 0.03to 0.06 mg Hg/kgwe
22
23
24
25 | Selenium
26
27 Selenium s a constituent of concern in the Delt r San Joaquin River, and San Francisco Bay
28 for potential effects on water quality, aquatic and te estrial resources and indirectly to human
29 health. Because of the known effects of selenium bioaccumulation from aquatic organisms to higher
30 trophic levels in the foodchain, the wildlife habitat and rare, threatened, or endangered species
31 beneficial uses are the most sensitive receptors to selenium exposure. Examples of those effects
32 include reduced hatchability of fertile eggs and the development of severe, often lethal, embryo
33 deformities in fish and birds (DOI 1998; Ohlendorf 2003). Selenium also affects other aquaticlife
34 beneficial uses, including warm freshwater habitat; cold freshwater habitat; migration of aquatic
35 organisms; spawning, reproduction, and/or early development; and estuarine habitat. Additional
36 nonhabitat beneficial uses that may be affected include freshwater replenishment, municipal and
37 domestic supply, and agricultural supply.
38 The State Water Board lists the western Delta as having impaired water quality for selenium (under
39 Section 303[d]) (State Water Resources Control Board 2011). The Central Valley Regional Water
40 Quality Control Board completed a TMDL for selenium in the lower San Joaquin River (downstream
41 of the Merced River) in 2001 and Salt Slough in 1997 /1999, and USEPA approved this in 2002
42 (Central Valley Regional Water Quality Control Board 2001, 20094d).
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Water Quality

1 The Central Valley Regional Water Quality Control Board adopted amendments to the WQCP for the
2 Sacramento River and San joaquin River basinsto address selenium control in the San Joaquin River
3 basin in May 2010 (Central Valley Regional Water Quality Control Board 2010a), and the State
4 Water Board approved the amendmentsin October (State Water Quality Control Board 20104,
5 2010e). The intent is to modify the compliance time schedule for discharges regulated under waste
6 discharge requirements to meet the selenium objective or comply with a prohibition of discharge of
7 agriculturalsubsurfacedrainage to Mud Slough (north), tributary to the San Joaquin River, in
8 Merced County. The proposed amendments and supporting staff t include environmental
9 documentation required under California Public Resources Cod (
10
11
12 (Bureau of Reclamation 2009c¢), which was prepared in comp
13 with regard to the use of the federally owned San Luis Drai
14 ' end
15 dmients are administrative in nature and will not
16 alter any water quality objective, program goeal, palicy, or other scientific underpinning of the
17 selenium control program for the San iver:
18
19
20
21
22 to the North Bay and the
23 quantify selenium loads, develo
24
25
26 rition that occurs naturally in
27 iched in marine sedimentary rocks of
28 .
29 erosion’of the selenium-enriched sedimentar
30 Valley, selenium concentrations in this watersh
31 of greatest concern because it can cause chronic toxieity (especially impaired reproduction) in fish
32 and aquatic birds (Ohlendorf 2003; San Francisco Bay Regional Water Quality Control Board 2009).
33 Bioaccumulation of selenium in diving ducks has led to health advisories for local hunters.
34 Monitoring of selenium in ducks, fish, and invertebrates in the northern part of the San Francisco
35 Bay has revealed concentrations that could cause health risks to people and wildlife. Although the
36 entire Bay is listed as impaired by selenium, the TMDL for selenium in the Bay will focus on the
37 North Bay because sources there are substantially different from sources in the South Bay. The
38 primary source of selenium loading to the North Bay and the Suisun Bay area is from the Delta
39 (Lucas and Stewart 2007).
40 Selenium concentrations in whole-body fish or fish eggs are most useful for evaluating risks to fish,
41 and concentrations in bird eggs are most useful for evaluating risks to birds (Skorupa and Ohlendorf
42 1991; DOI 1998; Ohlendorf 2003). Analyses of dietary items (such as benthic [sediment-associated]
43 or water-column invertebrates) also can be used for evaluating risks through dietary exposure,
44 although with less certainty than when using concentrations measured in fish or birds. When data
45 are not available for the target receptors (fish and birds) or for their diets, concentrations can be
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Water Quality

1 estimated from selenium in water and suspended particulates. However, such modeling further
2 increases the uncertainties in predictions of risk.
3 For evaluation of risks to human health, analyses of fish fillets are most common, although the fish
4 should be analyzed in the form that people may eat (for example, for some species or ethnic groups,
5 whole-body analyses may be appropriate) (California Office of Environmental Health Hazard
6 Assessment 2008).
7 Existing Conditions in the Project Area
8 Water Concentrations
9
10
11
12
13
14 ,,a CALFED study (Lucas and Stewart 2007)
15 area durmg 2003- 2004 focused primarily on
16
17 lley Water Board’s
18 ing station) show the
19
20
21
22
23
24
25
26
27 continued-operation of the Grassland Bypass Projec achievement of Basin Plan objectives in the
28 amendment described above (Central Valley Regional Water Quality Control Baord 2010a; State
29 Water Resources Control Board 2010d, 2010e).
30 Much less sampling has been conducted for selenium analysis in the Sacramento River. The most
31 recent available data for locations in or near the Delta are from Freeport (Table 8-23). A mean
32 concentration of 0.072 pg/L was reported for Freeportin 1984 to 1988 and 1997 to 2000 (years
33 combined, with no apparent difference between the two periods), but the data are not available
34 (Cutterand Cutter 2004). Because of the limited data from Freeport, additional values are provided
35 from the Sacramento River at Verona and Knights Landing (upstream from Sacramento, but
36 reflecting quality of water that may enter the Yolo Bypass during flooding). The maximum selenium
37 concentration at those locations was 1.0 pg/L, and the mean concentrations were all less than
38 0.5 pg/L. Only limited selenium data are available for other major tributaries to the eastern Delta.
39
40
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Table 8-23. Selenium Concentrations in Surface Water in the Project Area

Water Quality

Site

No. of Selenium Concentra i

Samples Min.

Source

Selenium Concentrations North of the Delta

Sacramento River at Keswick

86 0.061

DWR Website 2010

Sacramento River at Keswick? 80 2004-2008 DWR Website 2010
Feather River at Oroville 31 2003-2008 DWR Website 2010
Feather River at Oroville2 ) 2003-2008 DWR Website 2010
Selenium Concentrations for Inflows to the Delta

Sacramento River at Verona 2003-2009 DWR Website 2010
Sacramento River at Verona? 2004-2009 DWR Website 2010

Sacramento River at Knights Landing

Sacramento River at Freeport?

2008

@010

2003, 2004, 2007,

1996-2001, 2007-

DWR Website 2009

USGS Website 2010

San Joaquin River at Vernalis (Airport W 105d 0.20 2007 Bureau of Reclamation 2009d
San Joaquin River at Vernalis (Airport; 201 0.40 .. 1999-2002 BDAT Website 2009

San Joaquin River at Vernalis (Airport 453 . 1999-2007 SWAMP 2009

Selenium Concentrationswithifi ’ '

North: Cache Slough r 1999-2000 BDAT Website 2009

South: Old River at Tra y Boulevard 2002 BDAT Website 2009

South: Old/Middle River 1999 DWR Website 2009

South: Old/Middle River? ; 1999 DWR Website 2009
Central-West: Sacramento River near Mallard Island 2000-2008 SFEI Website 2010

{(BG20)

Central-West: Sacramento River near Mallard Island 12 0.03 0.44 0.09 2000-2008 SFEI Website 2010

{(BG20)=

Central-West: San Joaquin River near Mallard Island 11 0.03 0.40 0.11 2000-2008 SFEI Website 2010

{(BG30)

Central-West: San Joaquin River near Mallard Island 11 0.03 0.45 0.09 2000-2008 SFEI Website 2010

{(BG30)?
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Water Quality

No. of Selenium Concentration (gg/L)

Years Source
2000-2008 SFEI Website 2010
000-2008 SFEI Website 2010

Site Samples Min. Max.
Suisun Bay 38 0.02 0.21

Suisun Bay#? 38 0.02 0.44 ¢
Selenium Concentrations for the Delta’s Major Outputs

Banks PumpingPlant 71 1.0 2001-2007 MWQ1 2003, 2005, 2006,
~ 2008

SWAMP 2009; USGS Website 2010.
Notes: Data include detected concentrations and reporting li
Max. = maximum; pg/L = micrograms per liter; Min. = minimum
a Dissolved selenium concentration
b Includesdata collected from Colusa Basin Drain near Kni
¢ Not specified whether total or dissolved selenium
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Water Quality

Table 8-24. Selenium Concentrations in Surface Water Reported by CALFED Bay-Delta Program

No. of Dissolved Selenium (ug/L) Total Selenium {pg/L)
Site Samples Min. Max. Mean Min. Max. Mean
San Joaquin River at Stockton 52 0.52 1.01 0.73 0.55 1.03 0.76
CalaverasRiver 2a 0.55 0.72 0.56 0.75 0.65
Fourteen Mile Slough 62 0.35 0.94 0.36 0.95 0.61
McDonald-Empire 52 0.09 0.91 0.10 0.94 0.18
Mildred Island South 12 0.12 0.14 0.14 0.14
Mildred Island Center 12 0.11 0.13 0.13 0.13
Mildred Island North 12 0.09 0.10 0.10 0.10
Venice 12 0.12 0.12 0.12 0.12
Franks Tract South 1 0.10 0.10 0.10 0.10
Franks Tract East 0.10 0.10 0.10
Franks Tract West 0.14 0.14 0.14
Mokelumne River 0.10 0.23 0.14
Three Mile Slough , 0.10 0.15 0.13
Sacramento River at Rio Vista 0.01 0.11 0.15 0.13
Antioch 0.02 0.10 0.19 0.14
Pittsburg East 0.01 0.08 0.16 0.11
Pittsburg West 0.02 0.13 0.14 0.14
Suisun East 2 0.10 0.01 0.01 0.11 0.15 0.13
Suisun Center 2 0.12 0.02 0.02 0.14 0.15 0.15
Suisun West 3 0.13 0.05 0.02 0.15 0.23 0.17
Grizzly Bay East 1 0.12 0.02 0.02 0.02 0.14 0.14 0.14
Grizzly Bay Center 3 0.10 . 0.010 0.017 0.013 0.11 0.18 0.14
Grizzly Bay West 1 0.16 0.16 0.16 0.011 0.011 0.011 0.17 0.17 0.17
Benicia 4 0.11 0.16 0.14 0.01 0.02 0.02 0.13 0.18 0.16

Source: Lucasand Stewart 2007.

Notes: Data collected within 1 mile of sample stations were compiled in the same data location. Means are geometric means.
Max. = maximum, pug/L = micrograms per liter, Min. = minimum

2 One sample each station was collected during July 2000; all other data are from January 2003 to January 2004.
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Water Quality

1 Sporadic sampling has been conducted at a few locations in the Delta (Tables 8-26 and 8-27). The
2 only two locations at which sampling was conducted over several recent years are in the
3 Sacramento and San Joaquin Rivers near Mallard [sland (near the western limit of the Delta).
4 Observed total selenium concentrations at these stations are considered more representative of
5 generalized Delta concentrations than of the individual rivers (Tetra Tech 2008). Total and dissolved
6 selenium concentrations were somewhat lower at those locations during low flow in a dry year
7 (<0.1 pg/L in August 2001) than during high flow (>0.1 ug/L in February 2001) (Tetra Tech 2008).
8 Cutter and Cutter (2004) reported similar flow-related pattern tions. The maximum
9
10
11
12
13 several times hlgher than those from the:Sacra
14 Vernalis are usually only about 10- 15% of~the : n:ithe Sacramento River at Freeport (Tetra
15 ads from both rivers to the Delta are large,
16 but selemum processes in the Delta
17 settling and mixing, a large port
18 uses in other parts of Cahforn'
19
20
21
22
23
24
25
26
27
28
29
30 tributary to the San Joaquin River.
31 The water quality objective for the lower San Joaquin River at Vernalis is 5pg/L as a 4-day average
32 for above normal and wet water year types, and 5pg/L as a monthly mean for dry and below normal
33 water year types (Central Valley Regional Water Quality Control Board 2001, 2007). Selenium
34 criteria were promulgated for all San Francisco Bay and Delta waters in the National Toxics Rule
35 (NTR) (San Francisco Bay Regional Water Quality Control Board 2007). The NTR criteria specifically
36 apply to San Francisco Bay upstream to and including Suisun Bay and the Delta. The NTR values are
37 5.0 pg/L (4-day average) and 20 pg/L (1-hour average). By comparison, the available data show that
38 the maximum concentration at Vernalis has not exceeded 3 pg/L since implementation of the
39 Grassland Bypass Project, and the mean is less than 1 pg/L for the period from 1999 through 2007.
40 The CTR criteria for aquatic life protection in saltwater are substantially higher than the freshwater
41 criteria (i.e., chronic = 71 pg/L; acute = 290 ug/L).
42 Selenium concentrations in water exported from the Delta via Banks pumping plant ranged from 1
43 to 2 pg/L, with a mean of 1.02 ug/L for 2003-2007. Drinking water standards for selenium are
44 average concentrations of 50 pg/L, both as the MCL—the enforceable standard that defines the
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Water Quality

1 highest concentration of a contaminant allowed in drinking water—and the maximum contaminant
2 level goal (MCLG)—a nonenforceable health goal set at a level at which no known or anticipated
3 adverse effect to human health would result, while allowing an adequate margin of safety (U.S.
4 Environmental Protection Agency Website 2009a). On April 2, 2010, the Office of Environmental
5 Health Hazard Assessment (OEHHA) proposed establishing a public health goal of 30 pg/L in
6 drinking water, based on data from adverse effects of selenium in a hu n population, with a 45-
7 day comment period (Office of Environmental Health Hazard Assessment 2010). Public health goals
8 il
9 concentrations that have been measured in the Delta, or in trib
10 upgradient of the Delta, as well as those at Banks pumpin
11 '
12
13
14
15 icentrations in sediment usually are not closely
16 ] ugTi screening-level values such as those
17 provided by DOI are sometimes | ‘
18 1998). Background selenium
19 typically <1 mg/kg,;dry wei ht
20
21
22
23
24
25
26
27
28
Selenium Goncentration
No. of Year
Site Samples  Min. Max. Mean Collected Source
Central-West: Sacramento 9 0.031 0.24 0.083 2000-2008 SFEI Website 2010
River near Mallard Island
(BG20)
Central-West: San Joaquin 9 0.087 0.34 0.21 2000-2008 SFEI Website2010
River near Mallard Island
(BG30)
Suisun Bay 69 0.016 0.58 0.17 2000-2008 SFEI Website 2010
Source: SFEI Website 2010.
Notes: Data include detected concentrations and reporting limits for nondetected concentrations. Means
are geometric means.
Max. = maximum, mg/kg = milligrams per kilogram, dry weight concentration, Min. = minimum
29
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1

Water Quality

Table 8-26. Selenium Concentrations in Biota in or near the Delta

Selenium Concentration

No. of (mg/kg) Common Year
Site Samples  Min. Max. Mean Name Collected Source
Central-West: Sacramento 5 4.0 19 8.1 Clam SFEI
River near Mallard Island Website 2010
(BG20)
Central-West: San Joaquin 5 4.1 SFEI
River near Mallard Island Website 2010
(BG30)
Chipps Islanda 41 0.70 1993, 1994 Bennett
etal. 2001
San Joaquin River, Dos 13 May-July Bennett
Reis State Park and 1995 etal. 2001

Mossdale SitesP

Sources: Bennett et al. 2001; SFEI Website 2010."

Notes: Means are geometric means.

Max. = maximum, mg/kg = milligrams per

2 Most of the fish were collected at Chi
(near Sacramento).

b Near Manteca

Selenium Concentrations

. in Fish Fillets

(mg/kg, wet weight)
Min. Max.

Mean Years

0.40 0.81, 2.2 2005
0.27 2.7 1.9 2000,2005,
2007
£ 0.30 0.80 1.3 32 1.9 2000,2005,
near Rio Vista ~ 2007
San Joaquin River 8 0.15 0.63 0.77 2.5 1.7 2000,2005,
at Vernalis 2007
0ld River near Tracy 3 0.45 0.69 0.55 2.0 2.9 2.4 2005
San Joaquin River 9 0.22 0.89 0.38 1.1 3.5 1.6 2000,2005,
at Potato Slough 2007
Middle River at 6 0.37 0.58 0.47 1.6 2.3 2.0 2005,2007
Bullfrog
Franks Tract 8 0.15 0.70 0.37 0.79 3.0 1.7 2000,2005,
2007
Big Break 9 0.15 0.82 0.38 0.81 3.1 1.6 2000,2005,
2007
Discovery Bay 3 0.32 0.41 0.37 1.5 1.7 1.6 2005
Whiskey Slough 2 0.35 0.47 0.41 1.6 1.9 1.7 2005
Source: Foe 2010.
Notes: Means are geometric means.
Max. = maximum, mg/kg = milligrams per kilogram, Min. = minimum
a Near Clarksburg
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Water Quality

1 Alarge number of fish tissue samples were collected from the Sacramento and San Joaquin River
2 watersheds and the Delta between 2000 and 2007 for mercury analysis. As part of the Strategic
3 Workplan for Activities in the San Francisco Bay/Sacramento-San Joaquin Delta Estuary (Water
4 Boards 2008), archived largemouth bass samples were analyzed for selenium to determine the
5 primary source of the selenium being bioaccumulated in bass in the Delta and whether selenium
6 concentrations in bass were above recommended criteria for the proteétion of human and wildlife
7 health (Foe 2010). Results of this study are the most relevant biota data fram the Delta, and they are
8 summarized in Table 8-27. \
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28 bserved in long-term laboratory studies of
29 ] ! n concentrations ranged from 11.8t0 16.3
30 mg/kgin 2001 and from 8.36 to 8.84 mg/kg in 2002, with the highest mean concentrations
31 occurringin fish from Nurse Slough (in Suisun Marsh). Other field and laboratorystudies have been
32 conducted with splittail (Deng et al. 2007, 2008) and with white sturgeon (Tashjian and Hung 2006;
33 Tashjian et al. 2006, 2007) or other fish (Linville et al. 2002; Stewart et al. 2004}, but no other
34 analytical data for field-collected fish from in the Delta were found.
35 Species to be considered for linkage of waterborne or food-web selenium to fish and birds will
36 include those identified by the U.S. Fish and Wildlife Service (USFWS) as being at risk from selenium
37 exposure in the San Francisco estuary, insofar as possible (U.S. Fish and Wildlife Service 2008).
38 However, species-specific and Delta-specific bioaccumulation and trophic transfer factors are not
39 available, so assessment will be qualitative.
40 Current ambient water quality criteria are based on waterborne selenium concentrations, but
41 USEPA published a draft ambient water quality criterion for selenium in 2004 that was based on
42 selenium concentrations in whole-body fish (U.S. Environmental Protection Agency Website 2009b;
43 State Water Resources Control Board 2010b). The recommendations were intended to protect
44 aquatic life under the CWA. They incorporated the latest scientific information available to the
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Water Quality

1 agency at that time and reflect an improved approach to measuring this bioaccumulative pollutant
2 in the aquatic environment. In October 2008, USEPA released a technical report describing the
3 results from additional testing of the toxicity of selenium to juvenile bluegill sunfish under winter
4 temperature conditions, and also provided references for data obtained since 2004 (U.S.
5 Environmental Protection Agency 2008b).
6 Recent preliminary information concerning USEPA’s pending revision of the draft chronic ambient
7 water quality criterion suggests that the agency will propose a twes=part criterion: selenium
8 concentration in fish egg/ovary coupled with a water screeni ue (Bélos pers. comm. ). [f the
9 latter is exceeded, the former must be either measured or may 2d

10 concentrations. It is expected the water screening value

11 not exceeded, there will be no problem), and that it willt

12 water criterion. The number for egg/ovary seleni

13

14

15

16

17 mg/kg.

18 8.1.3.11

19 Background
20

Trace metals occ

21
22
23 ,
24 ‘\ (shellfish harvesting,
25 unicipal and domestic supply) (Table
26 irding water quality are briefly
27
28 Aluminum
29 Aluminum is a common element in mineral soils, and the concentration of total aluminum in water
30 bodies is elevated above background levels during watershed runoff events that transport high-
31 suspended sediment loads. Generally, a large majority of total aluminum is not bioavailable.
32 Bioavailable aluminum has toxic effects on aquatic biota. For example, when waters become acidic,
33 aluminum can disassociate and exist as a toxic ion. Hence, the receptor of concern for aluminum is
34 aquatic life, similar to many of the other trace metals. Limited data (from the Banks and Barker
35 Slough pumping plants) indicates no violations of the MCLs during water years 2001-2006.
36 Arsenic
37 Arsenic is a semi-metal element that is tasteless and odorless and highly toxic to humans. Long-
38 term, chronic exposure to arsenic has been linked to cancer of the bladder, lungs, skin, kidneys,
39 nasal passages, liver, and prostate (U.S. Environmental Protection Agency Website 2009c). Short-
40 term exposure to high doses of arsenic can cause acute symptoms such as skin damage, circulatory
41 system dysfunction, stomach pain, nausea and vomiting, diarrhea, numbness in hands and feet,
42 partial paralysis, and blindness (U.S. Environmental Protection Agency Website 2009c¢).
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Water Quality

1 Sources of arsenic contamination in water supplies include erosion of natural deposits, agricultural
2 runoff, and runoff or wastewater from industrial point sources. Arsenic is commonly found in
3 volcanic rocks and metal oxides, and is commonly associated with sulfide minerals and organic
4 carbon (Saracino-Kirby 2000). Arsenic is also found in certain pesticides, fertilizers, and feed
5 additives used in commercial agricultural operations (Saracino-Kirby 2000; U.S. Environmental
6 Protection Agency Website 2009c¢). Approximately 90% of the industrial rsenic used in the United
7 States is used as wood preservative; industry practices such as copper sm ting, mining, and coal
8 burning also contribute arsenic to the environment (U.S. Enviro rotection Agency
9 Website 2009c¢).
10 2r than in surface
11 guently in the western United
12 nvironmental Protection
13 Agency Website 2009c¢).
14 Cadmium
15 Cadmium can also be toxic to human,
16 blood damage and several forms ' rm exposure to high concentrations of cadmium
17 may cause nausea, vomiting, di : ramps, salivation, sensory disturbances, liver injury,
18 convulsions, shock, an ' k i
19 aquatic species (e.g; €hin
20 ]
21
22
23
24
25 nd applications, including
26 yenamels, photography, and nickel-
27 on Agency Website 2009d). Approximately
28 imported in the United States in 1986
29 admium can enter water bodies through
30 urban or industrial wastewater, leaching from landﬁlls and from corrosion of some galvanized
31 plumbing and water mains (Van Geen and Luoma 1999a; U.S. Environmental Protection Agency
32 Website 2009d).
33 Regulation of industrial and urban wastewater has led to a steady reduction in metal discharges to
34 water bodies over the past two decades; however, these contaminants persist in sediments (Van
35 Geen and Luoma 1999a). A study of cadmium concentrations in San Francisco Bay revealed that
36 coastal upwelling of cadmium-rich sediment contributes to seasonal peaks in those levels in the Bay.
37 Surface samples collected throughout the Bay confirmed an internal cadmium source unrelated to
38 river discharge (Van Geen and Luoma 19993). The results of the study suggested that concentrations
39 of cadmium and other metals in the Delta and Bay water column are sensitive to river inflow, and
40 may have increased in response to reduced inflows in recent years (Van Geen and Luoma 1999a).
41 Copper
42 Copper is found primarily in the form of ores with other elements. Copper occurs in both organic
43 and inorganic forms; organic copper is an essential micronutrient for animals, while exposure to
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Water Quality

1 high concentrations of inorganic copper can be toxic (Buck et al. 2006; U.S. Environmental
2 Protection Agency Website 2009¢). In humans, short-term exposure to copper can cause nausea and
3 vomiting; long-term exposure can cause liver or kidney damage (U.S. Environmental Protection
4 Agency Website 2009¢). Copper toxicity to aquaticlife also is dependent on the water hardness.
5 Sources of copper contamination include natural deposits, industrial and urban wastewater, and
6 urban stormwater runoff (Buck et al. 2006; U.S. Environmental Protection:Agency Website 2009¢).
7 Historical copper contamination from industrial developmentan mg peratlons per51sts in
8
9 per and organic
10 ced concentrations of
11
12
13
14 ¢ing water is corrosion of household
15 tion Agency Website 2009e). This
16 ved with conventional drinking water treatment
17 1
18
19 Website 2009e¢).
20 Lead
21 Lead is a metal f u
22 -k i i ith'blood 1y, mental and physical
23 ) i I ure in some adults (U.S.
24 e to lead has the potential to
25 n Agency Website 2009f).
26
27 : inationi i i ining, and smelting operations (U.S.
28 1€ 9f s sometimes used in household plumbing
29 materials or in water distribution systems. Lead is egulated in drinking water systems via the
30 USEPA’s Lead and Copper rule.
31 Nickel
32 Recent work has shown that the most substantial sources of nickel are in the South Bay, the next
33 largest source is in the Delta (Yee et al. 2007). Nickel sources in the region originate from natural
34 and human sources such as natural rock erosion, urban runoff, and wastewater treatment plants
35 (Yee at al. 2007). Total nickel concentrations from samples in the Delta averaged 3.5 yg/L in the dry
36 season, and 5.1 yg/L in the wet season. Davis et al. (2000) estimated nickel loads were 975,000
37 kg/yr from San Francisco Bay bottom sediments, 410,000 kg/yr from the Delta, 49,000 kg/yr from
38 Bay tributaries, 4,800 kg/yr from effluent, and 580 kg/yr from atmospheric deposition.
39 Silver
40 Silveris present in San Francisco Bay sediments, which can have toxic effects on biota (Flegal et
41 al. 2007). Silver toxicity to aquatic life also is dependent on the water hardness. Most fluxes of silver
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Water Quality

1 in the Bay are from past industrial activities and wastewater treatment sources. Delta waters
2 entering the Bay have some of the lowest river silver concentrations reported.
3 Zinc
4 Zinc can potentially have toxic effects on biota, although it is an essential element in the diet of these
5 plants and animals. Zinc is used to make tires, so it is generally found at] gher concentrations near
6 highways. It is also used in manufacturing processes.
7 Importance in the Project Area
8 Trace metal contamination demonstrates the magnitu
9
10
11
12
13 Delta in recent years, as well as the contin
14 and other urban activities.
15 Hayward et al. (1996), inanev
16 concentrations of tracen We
17 i 8 ted zi \ lowever, relatively low
18 ionsi 1h , dyef sediment toxicity in the San
19 :
20
21
22
23
24
25
26
27 In 2000, the Association of California Water Agencies conducted a study to summarize arsenic data
28 from across the state and to assess the effect of USEPA’s arsenic standard on California’s drinking
29 water programs (Saracino-Kirby 2000). Sampling data collected by USGS in 1990 and 2000,
30 California Department of Health, DWR, Reclamation, and other sources were analyzed. The study
31 found that the statewide average concentration of arsenic in groundwater measured between 1990
32 and 2000 was 9.8 pg/L, and that 22% of the 4,513 sampling stations recorded arsenic
33 concentrations of 10 pg/L or higher during this time period (Saracino-Kirby2000) (Table 8-28). The
34 study found no noticeable trend in arsenic concentrations through time (Saracino-Kirby 2000).
35 Thirty percent of the state’s groundwater basins were found to have average arsenic concentrations
36 of 10 pg/L or higher at some point between 1990 and 2000 (Saracino-Kirby 2000).
37 The Association of California Water Agencies study also analyzed samples from 188 sampling
38 stations on surface water bodies, and found that the statewide average concentration of arsenic in
39 surface water between 1990 and 2000 was 42 ug/L; however, this average was influenced by a
40 small number of data points with very high values. Nine percent of the sampling locations recorded
41 average concentrations higher than 10 pg/L during the same time period (Saracino-Kirby 2000).
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Water Quality

1 There was a large monitoring effort from 1988 to 1993 to assess metals in the Delta. The stations
2 from this monitoring that coincide with other stations examined in this section include the San
3 Joaquin River at Buckley Cove, Sacramento River at Hood (actually collected at Greene’s Landing),
4 Sacramento River above Point Sacramento, San Joaquin River at Antioch Ship Channel, Old River at
5 Rancho Del Rio, Suisun Bay at Bulls Head Point near Martinez, and Franks Tract. Analysis of the
6 monitoring results indicated that most metal median values were similarbetween locations, with
7 )
8
9 locations, including the Banks pumping plant, the Barker Sloug
10 River above Point Sacramento, and the San Joaquin Rive
11 latter two stations were sampled for metals on an ann
12 program (denoted as stations BG20 and BG30, re
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29 Cadmium values matched the MCL of 0.005 mg/L at several locations during the 1988-1993 study,
30 but there were no detections at either the Banks or Barker Slough pumping plants during water
31 years 2001-2006.
32 The samples were taken between late July and late August, which does not allow examination of wet
33 versus dry season results. The samples indicate that all selected metals are still present in the
34 Sacramento and San Joaquin River outflows during summer conditions, albeit at low concentrations.
35 Values for all metals were comparable for the two locations. For both locations, copper, nickel, and
36 zinc occurred at higher concentrations than the other metals.
37 Monitoring efforts in the north and south of Delta areas (water years 2001-2006) indicate that
38 mean values for metals at the Feather River at Oroville tended to be lower than those for the
39 Sacramento River sites, with the exception of cadmium and silver (Table 8-31). Mean values for the
40 north of Delta area were all 0.02 mg/L. South of Delta mean values (arsenic, copper, nickel) appear
41 higher than north of Delta stations examined; however, the analytical sensitivity was greater for the
42 north of Delta stations.
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Water Quality

1 Regulatory criteria with respect to trace metals are as follows. CTR criteria exist for all examined
2 metals in this study (exceptaluminum). CTR chronic and acute criteria for aquatic life protection in
3 freshwater are hardness dependent and expressed on a dissolved basis; the CTR saltwater aquatic
4 life criteria are not hardness dependent. Depending on the hardness and specific metal, either the
5 freshwater or saltwater criteria may be lower than the other. The Central Valley Water Board Basin
6 Plan values exist for arsenic, copper, silver, and zinc; no exceedances wére noted. The San Francisco
7 Bay Regional Water Board Basin Plan values exist for all metals in this study except silver; no
8 exceedances were noted. California drinking water MCLs exist fo n this study; no
9 exceedances were noted.
10 Regarding the Basin Plan narrative objectives, any of th ;
11 concentrations.
12 o Aluminum - Aluminum has a 200 pg/L secon
13 and the primary MCL is 1,000 pg/LsThe S
14 limits the metal to 20 mg/L alumin
15 for agricultural supply -livestock wate
16 criteria/objectives for aluminu
17 narrative toxicity objective. W,
18
19
20
21
22
23 ironmental Protection
24 for cadmium are lower, and
25
26
27
28
29
30 for copper are generally lower than the MCL (exeept the saltwater acute criterion).
31 o Lead - The MCLG for lead is 0 pg/L. USEPA regulates corrosiveness of water to minimize lead
32 contamination of public drinking water at the tap (U.S. Environmental Protection Agency
33 Website 2009f). The concentration at which drinking water must be regulated for lead is 15
34 ug/L (U.S. Environmental Protection Agency Website 2009f).
35 = Nickel - Nickel is listed on the Section 303(d) list for the San Francisco Bay, with the source of
36 contamination unknown. However, the San Francisco Bay Regional Water Board recommended
37 delisting nickel because the water quality standard is being met. The California primary MCL for
38 nickel is 100 pg/L. Applicable freshwater and saltwater aquatic life criteria for nickel are
39 generally lower than the MCL (exceptthe freshwater acute criterion).
40 o Zinc - Applicable freshwater and saltwater aquatic life criteria for zinc (i.e., about 80-120 ug/L
41 at moderate hardness) are considerably lower than the secondary MCL of 5,000 pg/L.
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Water Quality

Table 8-28. Median Metal Concentrations for Selected Sites, May 1988-September 1993

Lead Lead Zinc Zinc
Dissolved Total Dissolved Total

Arsenic Arsenic Cadmium Cadmium Copper Coppe
Dissolved Total Dissolved Total Dissolved '

Location (ug/L) (g/L)  (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)  (ug/L) (ug/L)
San Joaquin River 3 3 5 5 5 5 5 6 10
at Buckley Cove

Sacramento River 2 2 5 5 5 5 6 8
at Green's Landing

Sacramento River above 2 3 5 5 5 10
Point Sacramento

San Joaquin River at 2 2 5 5 5 11
Antioch Ship Channel

0ld River at Rancho 2 2 5 5 5 5 8
Del Rio

Suisun Bay at Bulls Head 2

Point near Martinez

Franks Tract 2

San Joaquin River —
at Vernalis

Source: BDAT 2009
Notes: Units are in micrograms per liter. Sampl
water quality samples having values at or grez

. , / Barker Slough Pumping Plant {pg/L)
Metal : " an Samples  Minimum Maximum Mean Median

Aluminum 10 10 44 17 12
Arsenic 3 72 1 5 2 2
Cadmium no detections
Copper 9 72 1 8 3 2
Lead one detection: 7 pg/L (11/19/03) no detections
Nickel 67 1 2 72 1 7 2 2
Silver no detections no detections
Zinc 15pg/L(1/16/02),5 pg/L(9/17/03), 6 ug/L (10/15/03) no detections

Source: BDAT 2009.
Notes: Metals measured as dissolved. All units are in micrograms per liter (ug/L). Sample size represents water quality samples having values at or greater
than the reporting limit.
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Water Quality

1 Table 8-30. Metals Concentrations at the Mouths of the Sacramento and San Joaquin Rivers, Water Years 2001-2006

Sacramento River above Point Sacramento (pg/L)

,Safl oaquin River at Antioch Ship Channel (pg/L)

Metal Fraction Samples Minimum Maximum Mean Median Mean Median
Arsenic Dissolved 8 0.800 2.270 1.729 1.75¢ 7 1.861 1.900
Arsenic Total 8 0.800 2.420 2.039 7 2.014 2.130
Cadmium Dissolved 7 0.007 0.016 0.011 7 0.010 0.011
Cadmium Total 7 0.015 0.032 0.027 6 0.022 0.020
Copper Dissolved 8 1.253 3539 38 7 1.654  1.606
Copper Total 8 2.534 4613 7 3.028 2.729
Lead Dissolved 8 0.019 7 0.055 0.027
Lead Total 8 0.427 7 0.530 0.445
Nickel Dissolved 8 0.766 7 1.059 0.975
Nickel Total 8 7 3.157 2.523
Silver Dissolved 4 0.001 0.001
Silver Total 7 0.002 0.002
Zinc Dissolved 8 0.712 0.510
Zinc Total 8 3.321 2.705

Source: San Francisco Estuary Institute W bsi
Note: All units in micrograms perlji
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Water Quality

Table 8-31. Metals Concentrations at Selected North and South of Delta Stations, Water Years 2001-2006

Sacramento River at Keswick {ug/L) Sacramento River at Verona {ug/L) Feather River at Oroville (ug/L) Check 13 (pg/L) Check 29 {ug/L)
" £ g " £ g " £ S " £ g " £ g
s £ ¢ ¢ E ¢ 2 £ ¢ B ¢ £ E - B 2 £ E . & <o £ = o
Arsenic (d) 25 0.81 1.93 1.27 1.22 8 0.87 1.24 8 67 0.52 0.51 69 1 3 2 2 62 1 4 2 2
Arsenic (t) 28 0.84 1.94 1.36 1.30 11 0.92 1.20 99 0.60 0.56
Cadmium (d) 8 0.007 0.036 0.021 0.023 1
Cadmium (t) 14 0.008 0.095 0.028 0.019 2 0.010 0.031 0.031
Copper (d) 25 0.49 3.18 1.40 1.06 8 0.62 0.70 0.61 69 1.00 5.00 2.00 2.00 81 1.00 4.00 2.00 2.00
Copper (t) 28 0.71 4.30 1.72 1.23 11 0.85 1.00 0.88
Lead (d) 13 0.000 0.113 0.026 0.009 6 0.010 0.019 0.006
Lead (t) 21 0.008 1560 0.139 0.040 11 0.090 0.050 0.015
Nickel (d) 25 0.49 2.49 1.39 1.32 8 0.58 0.89 0.88 67 1.00 3.00 1.00 1.00 79 1.00 3.00 1.00 1.00
Nickel (t) 28 0.50 2.73 1.56 1.47 1.12 1.05
Silver {d) 1 0.015 0.030 0.030
Silver {t) 4 0.003 0.091 0.037 0.027 0.040 0.040
Zinc {d) 25 0.31 7.84 2.28 191 0.46 0.27 1 5.00
Zinc (t) 28 1.02 1190 3.44 2.38 0.79 0.48
Source: BDAT 2009.
Notes: All units in micrograms per liter. Sample size represents water g
d = dissolved :
t = total
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Water Quality

1 8.1.3.12 Pathogens
2 Background
3 The beneficial uses of Delta water that are affected by pathogens in the environment are municipal
4 and domestic supply, water contact recreation, shellfish harvesting, and commercial and sport
5 fishing. Of these beneficial uses, municipal and domestic supply and water contact recreation are the
6 receptors most affected by pathogens because direct contact or ingestion affects human health, as
7 shown in Table 8-1. Pathogens of concern include bacteria, such as Esche
8 Campylobacter; viruses, such as hepatitis and rotavirus; and proto
9 Cryptosporidium. Sampling for bacterial and viral pathogensii
10 indicators, such as total coliforms or fecal coliforms, because
11 therefore, harder to detect than indicator bacteria. ’
12 Sources of pathogens include wild and domestic animals, aqu
13 discharge from wastewater treatment plants;’and ag ultur\
14 confined feeding lots and runoff. Pathogens tha
15 watershed to source waters from natural la ds and cattle operations; aquatic
16 species such as waterfowl also contribuf ectly to water bodies. Stormwater runoff
17 from urban or rural areas can contai ied in wate from domestic pets, birds, or
18 rodents, as well as sewage spills. On ften die off, although
19 in some instances they a ) '
20 in drinking water sources
21
22
23
24 ch as filtration and
25 acteria pathogens can
26 I rine or ozone, or through
27 ffectively hro&@h chlorine or ozone oxidation.
28 cysts and oocysts of protozoans cannot be fully
29 removed by d filtration and are resistant to chemic nfection; however, disinfection using UV
30 light has been found to be effective (Tetra Tech 2007).
31 Escherichia coli
32 Escherichia coli is an anaerobic bacterium thatlives in the gastrointestinal tract of warm-blooded
33 animals. The presence of E. coli normally is beneficial to the host through the synthesis of vitamins
34 and the suppression of harmful bacteria. However, some strains of E. coli are pathogenic. Pathogenic
35 E. coli affect humans by generating toxins that can result in diarrhea, inflammation, fever, and
36 bacillary dysentery (U.S. Environmental Protection Agency Website 2009g). Certain strains of E. coli
37 can be severely toxic to some patients, particularly children, causing hemolytic uremic syndrome
38 and leading to destruction of red blood cells and occasional kidney failure (Tetra Tech 2007). The
39 presence of E. coli is an indicator of fecal contamination, either by human waste, wastewater, or
40 animal wastes.
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Water Quality

1 Campylobacter
2 Campylobacter is a bacteriumthat can be found in natural waters throughoutthe year.
3 Campylobacter jejuni is commonly present in the gastrointestinal tract of cattle, pigs, and poultry
4 and is a leading cause of bacterial gastroenteritis in the United States. Campylobacter infection in
5 some rare cases may be followed by Guillain-Barre Syndrome, a form of neuromuscular paralysis.
6 Strains of Campylobacter have developed resistance to antibiotics, resulting i in the difficulties with
7 clinical treatment.
8 Hepatitis
9 Hepatitis is a virus that causes liver inflammation and sometimes leads to jaundice. Hepatitis Types
10
11
12
13
14 to contribute to 30 to 50% of severe diarrhea dis
15 transmitted through fecal-oral route and
16
17 d their feces, and in
18 ient temperature of
19 i
20
21
22
23
24
25
26 Cryptosporidium has a wide range of hosts, including domes and wild animals. Symptoms of
27 CI‘yptOSpOI‘lleSlS a disease caused by ingestion of Cryptesporidium,include diarrhea, stomach
28 cramps, upset stomach, and slight fever; more serious symptoms can result in weakened immune
29 systems (U.S. Environmental Protection Agency 1999). Cryptosporidiosisis a major cause of
30 gastrointestinal illness around the world, especially to individuals with compromised immune
31 systems. For these people, the symptoms can be more severe or life threatening.
32 Importance in the Project Area
33 A conceptual model of pathogens and pathogen indicators was recently developed for the Central
34 Valley Drinking Water Policy Workgroup (Tetra Tech 2007). The pathogen and indicator data
35 compiled for the model consisted primarily of measurements of total and fecal coliforms and E. colj,
36 some limited data on other species of coliforms, and even more limited data on pathogens such as
37 Cryptosporidium and Giardia. Fecal indicator concentrations are highly variable both temporally and
38 spatially, and can vary by orders of magnitude (Tetra Tech 2007. The variable nature of pathogen
39 and indicator concentrations in surface waters, and the rapid die off of many of these organisms in
40 the ambient environment, makes it very difficult to quantify the importance of different sourceson a
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Water Quality

1 scale as large as the Central Valley, especially for coliforms that are widely present in water. A single
2 source in close proximity to the sampling location can dominate the coliform concentrations
3 observed at a location downstream of several thousand square miles of watershed.
4 Of the known sources of coliform discharges into the waters of the Central Valley, it was found that
5 wastewater total coliform concentrations for most plants were fairly low (<1,000 most probable
6 number per 100 milliliters [MPN/100 ml}), whereas the highest total coliform concentrations in
7 water (>10,000 MPN/100 ml) were observed near samples influenced by u ban areas (Tetra Tech
8 2007).In fact the reglonal water boards limit pubhcly owned treatme ,
9
10
11
12
13
14
15
16
17
18
19
20
21 to water, by the substanti
22 analytical detection of Cr;
23
24
25 -
26 ] : taken during any 30-day
27 i . , 2007) these criteria have been
28 i '
29 :
30 Appendix 8A. Data are inadequate to assess whether the sités examined in this study exceeded these
31 standards. The federal and state drinking water MCLs for:pathogens are treatment technology
32 performance requirements that essentially require complete removal. Pathogens are listed on the
33 2010 Section 303(d) list for the Stockton Deep Water Ship Channel, with sources including
34 recreational and tourism activities [nonboating] and urban runoff/storm sewers.
35 USEPA’s surface water treatment rules require that systems using surface water, or groundwater
36 under the direct influence of surface water, to: (1) disinfect water to destroy pathogens; and (2)
37 filter water or meet criteria for avoiding filtration to remove pathogens, so that the following
38 contaminants are controlled at the following levels (U.S. Environmental Protection Agency
39 Website 2009g).
40 o Total coliform: no more than 5% positive samples in a month (for water systems that collect
41 fewer than 40 routine samples per month, no more than one sample can be positive per month).
42 Every sample that has total coliform must be analyzed for either fecal coliforms or E. coli. If two
43 consecutive total coliform positive samples occur, and one is also positive for E. coli/fecal
44 coliforms, the system is deemed as having an acute MCL violation.
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Water Quality

1 o Viruses: 99.99% removal/inactivation
2 o Giardia lamblia: 99.9% removal/inactivation.
3 o Cryptosporidium:99% removal.
4 8.1.3.13 Pesticides and Herbicides
5 Background
6 Pesticides are found in water bodies throughout the Delta. Pesticide i | k streams, and the
7
8
9
10
11 with “nontarget” organism toxic effects— because ma
12 insect pests (e.g., neurotoxins), these pesticides als atial to harm other organisms,
13 te -the dose an organism receives. For
14 o Valley may be diluted many times
15
16
17
18
19
20
21 Current use pesticid
22 diazinon, methyl par.
23
24
25
26 Cy:2008c). USEPA has begun to
27 tential toxicity in humans, which has
28 oids (Werneret al. 2008).
29 In addition to insecticides such as organophosphates and,,pyrethroids, herbicides are applied
30 throughout the watershed. Aquatic herbicides are applied to control invasive aquatic plants in
31 irrigation canals and in the Delta (CALFED Bay-Delta Program 2008a). A recent assessment of
32 heavily used aquatic herbicides suggests that there is limited short-term and no long-term toxicity
33 directly attributable to their use (Siemering et al. 2008). However, acute toxicity to algae (i.e.,
34 Selenastrum capricornutum) also has been found in numerous studies, and attributed to the widely
35 used agricultural organophosphate herbicide diuron (de Vlaming et al. 2005).
36 Legacy pesticides include primarily organochlorine pesticides such as
37 dichlorodiphenyltrichloroethane (DDT) and “Group A Pesticides” (aldrin, dieldrin, chlordane,
38 endrin, heptachlor, heptachlor epoxide, hexachlorocyclohexane [including lindane}, endosulfan, and
39 toxaphene). These chemicals are highly persistent in the environment. Although they were banned
40 inthe 1970s because of their health and environmental effects, the compounds and their byproducts
41 are found throughout the Delta at elevated concentrations (CALFED Bay-Delta Program 2008a).
42 Organochlorines are prone to accumulation in sediments, and typically enter the Delta via rivers and
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Water Quality

1 streams during high stream flow events (Pereira et al. 1995; USGS 2005; Leatherbarrow et al. 2006).
2 Ecological effects of pesticide contamination (e.g, fish toxicity) reflect the cumulative influence of
3 pesticides currently in use, those used historically, and the constantly changing new pesticides
4 introduced for agricultural practices (CALFED Bay-Delta Program 2008a).
5 Pesticides are regulated at the federal level by USEPA, which administers pesticide regulations
6 included in the Safe Drinking Water Act (SDWA) that sets MCLs for common pesticides (U.S.
7 Environmental Protection Agency 2008d). Pesticides were identified in the FED Bay-Delta
8 Program Water Quality Program Plan as constituents to monitor, although pesticides were generally
9
10
11
12
13 hia
14 ide pesticide regulatory
15 program, the largest of its kind in the nation. It : R Title 6 (Food and Agriculture),
16 which restricts the use of pesticides near water
17 and reporting requirements for pesticide
18 pesticide-monitoring activities. It and
19 Water Board, promote use of Best M
20
22 reducing concentrations ¢
23 fields (Newhart 2002).
24
25 ; own to be present at elevate nsin tributaries and the
26 . ] roids at toxic concentrations hav, ar bodies draining
27 : ) ur the Delta region (Werner et al.
28
29
30
31 The critical pathways for pesticides entering the Delta include agricultural and urban stormwater
32 runoff, irrigation return water, drift from aerial or groundbased spraying, and periodic release of
33 agricultural return flows from rice production (Werner and Oram 2008). Agricultural inputs are
34 dominant, but urban inputs are also substantial in areas of high population density (CALFED Bay-
35 Delta Program 2008a), and appear to be a primary source of pyrethroid insecticides entering urban
36 creeks. For example, Weston and Lydy (2010) demonstrated that urban runoff produced pyrethroid
37 concentrations exceeding acutely toxic thresholds. The authors also found that the pyrethroids
38 passed through secondary treatment systems at wastewater treatment facilities, suggesting possible
39 sewer disposal of pyrethroids (e.g., household pesticides).
40 The fate and effects of pesticide mixtures in the Delta and the implications of pesticide mixtures for
41 populations of native species are not well understood (CALFED Bay-Delta Program 2008a; Werner
42 and Oram 2008). Monitoring data for pyrethroids in water and sediment are scarce or do not exist,
43 confounding attempts to estimate loads of pyrethroids transported to the Delta from the Central
44 Valley (Werner and Oram 2008; TDC Environmental 2010). Implementation of TMDLs has reduced
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Water Quality

1 concentrations of some pesticides in the Delta (e.g., chlorpyrifos and diazinon); incidences of toxicity
2 attributable to organophosphate pesticides have substantially declined compared to observations in
3 the early 1990s (CALFED Bay-Delta Program 2008b).
4 There was a large monitoring effort from 1988 to 1993 to assess pesticides in the Delta for DDT
5 compounds (DDT, DDE, and DDD), the “Group A Pesticides,” as well as chlorpyrifos, diazinon,
6 atrazine, and thiobencarb (BDAT 2009). The stations from this monitoring that coincide with the
7 present stations examined include the San Joaquin River at Buckley Cove, Sacramento River at Hood
8
9
10 Martinez, and Franks Tract. Analysis of the monitoring results indi
11 near or below laboratory detection limits.
12 Existing Conditions in the Project Area
13 The following discussion of diazinon and chlorpyriy ant example of pesticide
14 dynamics in the Delta (Central Valley Regional Wat 7Control Board 2006). While these
15 insecticides have uses in urban areas, general p 2. over-the-counter purchase)has been
16 greatly limited because of regulation. In agri ations, they are applied during the
17 e irrigation season (March through
18 sprayed to limit pest damage. Application totals
19 ‘dormant season and 48% irri ign season (47,652
20 “ )W % dormant season
21
22 ck sloughs and small
23 in rivers, and
24 Jul centrations occur in
25 Deltaisland drains, and small upland drainages, r concentrations
26 ivers and tributaries (Table 8- :
27
Median Maximum
No. of Concentration Concentration Samples
Water Body Type Samples (ng/L) {ng/L) >160 ng/La
Delta Back Sloughs 352 13 1,400 56 (16%)
Delta Island Drains 57 0 82 0 (0%)
Delta Rivers and Main 774 0 97 797 31 (4%)
Delta Waterways
Major Delta Tributaries 2,056 0 80 1,700 106 (5%)
Small Upland 146 16 150 2,790 13 (9%)
Drainages
Source: Central Valley Regional Water Quality Control Board 2006.
Note: ng/L = nanograms per liter
2 Proposed acute toxicity water quality objective for diazinon to protect invertebrates
28
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Water Quality

1 Table 8-33. Chlorpyrifos Concentrations, by Water Body Category
Median 90th Percentile = Maximum
No. of Concentration Concentration Concentration Samples
Water Body Type Samples {ng/L) {ng/L) {ng/L) >25ng/La
Delta Back Sloughs 373 0 68 677 62 (17%)
Delta Island Drains 57 5 46 360 11 (19%)
Delta Rivers and Main 722 0 0 7 (1%)
Delta Waterways
Major Delta Tributaries 1,887 0 7 32 (2%)
Small Upland Drainages 148 0 87 35 (24%)
Source: Central Valley Regional Water Quality Control Board 200
Note: ng/L = nanograms per liter =
2 Proposed acute toxicity water quality objective for chlorpyrifos tg pro invertebrates
2
3 More recent monitoring efforts to assess these er exam ,,ed pesticides are limited to four of
A :
5
6 Ship Channel. The latter two stations
7 of its momtormg program (denoted
8
9
10
11
12
13
14 ermethrin, simazine, and
15 ately 16 times during
16 ited to those presented in Table
17
18 Table 8-34. Pesticide Concentrations at the Harvey O and Barker Slough Pumping Plants,
19 Water Years 2001-2006
Pesticide Harvey O. Banks Barker Slough
Chlorpyrifos 0.03 pg/L (3/16/05) —
Diazinon 0.01 pg/L (3/21/01) 0.01 yg/L (3/21/01)
Molinate 0.04 pg/L (6/16/04) 0.04 pg/L (6/15/04)
0.12 pg/L {3/21/01) 0.02 pg/L {3/21/01)
i i 0.02 pg/L {3/20/02) 0.24 pg/L {3/16/05)
Simazine
0.11 pg/L {3/16/05) 0.02 pg/L {6/15/05)
0.05 pg/L {3/15/06) 0.46 pg/L {3/15/06)
Source: BDAT 2009.
Notes: Data representwater quality samples having values at or greater than the reporting limit.
pg/L = micrograms per liter
20
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Water Quality

1 These detections generally occurred during the wet season during wet years. The exception is for
2 molinate, which was detected during the early summer of a dry year (2004).
3 As mentioned previously, laboratory detection limits for the SFEI laboratory are on the order of
4 pg/L. These very low detection limits have enabled the detection of many pesticides examined in the
5 current study, as indicated in Table 8-35.
6 The samples were taken between late July and late August, which does not allow examination of wet
7 versus dry season effects. The results suggest that many of the “legacy” pestic are still presentin
8 the Sacramento River and San Joaquin River outflows during summer.conditions;albeit at low
9 her than the other
10
11
12
13
14
15 ug/L), and metolachlor (6/14/05, 0.1 pg/L) asy
16 between 3/15/00 and 9/15/09, ranging f
17 .
18
19
20
21
22
23 include chlordane (
24 agriculture, urbat
25 e
26
27
28
29 toxicity.
30 There are several pesticides with water quality criteria under the CTR, the Central Valley
31 Regional Water Quality Control Board Basin Plan, the San Francisco Bay Regional Water Quality
32 Control Board Basin Plan, and the California drinking water MCLs (Table 8-1). There were no
33 exceedances for the Central Valley Regional Water Quality Control Board Basin Plan chlorpyrifos or
34 diazinon objectives. No criteria are listed for the San Francisco Bay Regional Water Quality Control
35 Board Basin Plan for the pesticides examined. No California drinking water MCLs were exceeded at
36 the stations examined.
37 A target list of pesticides has been developed by the Central Valley Regional Water Quality Control
38 Board (2009e]) for the purpose of risk assessment in the project area. The list was based on work by
39 Urban Pollution Prevention Projects for the San Francisco Estuary Project (TDC Environmental
40 2008). Eight of the 38 pesticides considered highly toxic to aquatic organisms are pyrethroids, and
41 the process has begun to establish water quality criteria for bifenthrin, lamda-cyhalothrin, and
42 cyfluthrin (Central Valley Regional Water Quality Control Board 2010b).

Bay Delta Conservation Plan Administrative Draft February 2012
EIR/EIS 8-92 ICF 00674.11

ED_000733_DD_NSF_00018671-00092



Note to Reader: This is a preliminary draft prepared by the BDCP EIR/EIS consultants and is based on partial information/data. It has not been reviewed or approved by the Lead Agencies
and does not reflect the Lead Agencies’ or Consultant’s opinion that it is adequate for meeting the requirements of CEQA or NEPA. This document is expected to go through several

revisions prior to being released for formal public review and comment in 2012. All members of the public will have an opportunity to provide comments on the public draft of the revised
version of this document during the formal public review and comment period. Responses will be prepared only on comments submitted in the formal public review and comment period.

Water Quality

1 Table 8-35. Pesticide Concentrations at the Mouths of the Sacramento and San Joaquin Rivers, Water Years 2001-2006

Qéq;' in River at Antioch Ship Channel {ug/L)
Min. Max. Mean Median

Sacramento River above Point Sacramento {pg/L)

Pesticide Fraction Samples Min. Max. Mean Media,

w1
)
o

Aldrin Dissolved 4 1 3 2 2 <1 2 1 1
Aldrin Total 1 4 4 4 .1 3 3 3 3
Chlorpyrifos Dissolved 4 300 1,070 719 4 76 789 486 541
Chlorpyrifos Total 4 332 1,070 4 90 789 490 541
Diazinon Dissolved 3 4 229 1079 515 375
Diazinon Total 3 4 229 1079 605 557
Dieldrin Dissolved 7 5 49 81 68 73
Dieldrin Total 7 6 52 87 74 77
Endosulfani Dissolved 5 2 13 13 13 13
Endosulfanl Total 2 13 35 20 13
Endosulfan I Dissolved 14 3 3 3 3
Endosulfan 11 Total 0 3 3 3 3
Endrin Dissolved 4 2 2 2 2
Endrin Total ; 2 2 2 2
Heptachlor Dissolved 1 1 1 1
Heptachlor 1 1 1 1
Heptachlor Epoxide 24 5 4 15 6 4
Heptachlor Epoxide 24 4 3 15 6 4
Sum of Chlordanes 6 25 106 5 20 55 37 30
Sum of Chlordanes 5 20 143 4 27 68 46 45
Sum of DDTs Dissolved 7 153 227 5 93 144 124 131
Sum of DDTs Total 7 266 546 368 366 6 175 257 214 210
Source: SFEI Website 2010.
Notes: All units in picograms per liter {pg/L}). Sample size represents water quality samples having values at or greater than the reportinglimit.
Values for “dissolved” may exceed “total” because of rejected laboratory samples.
DDT = dichlorodiphenyltrichloroethane; Max. = maximum; Min. = minimum
2
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Water Quality

1 8.1.3.14 Boron
2 Background
3 Boron is a naturally occurring compound found in sediments and sedimentary rocks in the form of
4 | ,
5
6
7
8 Agricultural supply beneficial uses are potentially the most:
9 concentrations as a result of the potential for toxic effe
10 Even though it is found naturally in many fr
11 human tissues (Waggot 1969; Butterwick et al. 4
12 mineral nutrlent for humans it has potentlal detr
13
14
15
16
17
18
19
20
21
22 oils (]
23 : ici A jis 1007). Approximately 180,000 to
24 , : 11 osphere from the industries that use
25
26 USEPA recently evaluated boron and its potential for contamination of drinking water supplies
27 (73 Federal Register 44,251-44,261), and made a determination not to regulate boron with a
28 National Primary Drinking Water Regulation. Because boron is not likely to occur at concentrations
29 of concern when considering both surface and groundwater systems, USEPA believes that a National
30 Primary Drinking Water Regulation does not present a meaningful opportunity for healthrisk
31 reduction.
32 Importance in the Project Area
33 Excessive concentrations of boron in irrigation water can lower crop yields, in addition to human
34 consumption concerns from Delta drinking water diversions. In a study of groundwater from the
35 Sacramento Valley aquifer, boron was detected in all 31 samples, in concentrations ranging from 12
36 pg/Lto 1,100 pg/L (Dawson 2001). The median concentration was 42 pg/L. Two of the 31 samples
37 had concentrations in excess of the then-current Health Advisory Level of 600 pg/L.
38 Assessment of how human atmospheric emission sources of boron in the Delta directly affect the
39 Delta would be difficult, given the complexity of area meteorology. Such sources would need to be
40 identified and undergo air transport modeling to determine deposition rates onto land and water in
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Water Quality

1 the Plan Area. Human activities related to boron land and water emissions may be more easily
2 guantified. Land applications of boron in the Delta may include fertilizer, herbicide, and industrial
3 waste, while water sources may include industrial wastewaters, municipal sewage, and agricultural
4 return drains.
5 The Lower San Joaquin River is listed on the Section 303(d) list as impaired for salinity and boron.
6 The impairment extends from downstream of the Mendota Pool to the AirpottWay Bridge near
7 Vernalis. The Section 303(d) listing requires development of a TMDL for, salinity and boron in the
8 Lower San Joaquin River (California Environmental Protection Agen
9 water quality objectives in the lower San Joaquin River at Vernalis4
10 1995. The standard is a 30-day running average.
11 Approximately 85% of the boron load originates from the westernside of the Lower San Joaquin
12 River, represented by the Grasslands and Northwest Side Subareas. Agricultural drainage, discharge
14 the river. Additionally, large-scale, out-of-ba
15 capacity of the river, thereby exacerbating the
16
17 ron loading to the Lower San Joaquin
18 subareas to elucidate differences in boron
19 gure 8-52).
20
21 River, the East Delta tributaries ; gricultural return drains, and tlie
22 next section describes how: se sources, in addition to the S.
23 i
24
25 o k-
26 06), with mean values typically rar ging fro to '3 mg/L (Figure 8-53). The
27  River at Mallard Island location had a mean val f 0.5 mg/L. Maximum boron values
28 were typicallyin the 0.1 to 0.5 mg/L range, with highe es at the San Joaquin River near Vernalis
29 (0.8 mg/L) and the Sacramento River at Mallard Island (15 mg/L).
30 Minimal data were available for the north of Delta area, while the mean value for the south of Delta
31 stations was 0.2 mg/L (Table 8-36).
32 Time series data indicate that boron concentrations at the examined stations generally fluctuate on
33 an annual basis (Figure 8-54 and Figure 8-55). Higher values have tended to occur during the
34 months of November through March.
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16
17
18
19
20
21
22
23
24

25
26
27
28

Water Quality

Table 8-36. Boron Concentrations at Selected North and South of Delta Stations, Water Years
2001-2006°

Boron {dissolved, mg/L)

Location Samples Minimum  Maximum Mean Median

Sacramento River at Keswick 1 — — . 041 —

Sacramento River at Verona n/a — —
Feather River at Oroville n/a — —
American River at WTP n/a — —
California Aqueduct at Check 13 64 0.1 0.2
California Aqueduct at Check 29 74 0.1 0.2
Source: DWR 2009b.

Notes:

mg/L = milligrams per liter
n/a=not available

WTP = water treatment plant

a Samplesize represents water quality samp} ator greater than the reportinglimit.

ical water quality
y Control Board
‘on. However, the

Regulatory criteria with resp
objectives for the Delta in the
Basin Plan, and there are
Central Valley Regional Wa
concentrations in the $

Basin Plan wat
boron fg i

vestock watering, were no
Plan narrative objectives, boronmi

Dioxins, Furans, and Polyc

Background

Dioxins are a group of chemical compounds with similar chemical structures and biotic effects
(USFDA 2009). There are several hundred of these compounds, which can be grouped into three
families: chlorinated dibenzo-p-dioxins, chlorinated dibenzofurans, and certain polychlorinated
biphenyls (PCBs]. One of the most toxic (and most studied) dioxin is 2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD). Chlorinated dibenzo-p-dioxins and chlorinated dibenzofurans are created
unintentionally, usually through combustion processes. PCBs are manufactured products, but are no
longer produced in the United States. Dioxins break down very slowly in the environment, indicating
that past and present emissions will continue to interact with soils, water, and biota (e.g., Wenning
etal. 1999; Gullett et al. 2003; Brown et al. 2006).

The most common health effect in people exposed to large amounts of dioxins is chloracne, possibly
followed by skin rashes, skin discoloration, excessive body hair, and possibly mild liver damage
(USFDA 2009). A substantial concern is the cancer risk associated with dioxins. High exposures over
long periods (animal studies, human workplace studies) have suggested an increased cancer risk as
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Water Quality

1 well as possible reproductive and developmental effects. Toxicity levels are very broad between the
2 various dioxin compounds, up to several orders of magnitude. The health effects associated with
3 dioxins depend on a variety of factors including the level of exposure, when someone was exposed,
4 and for how long and how often.
5 PCBs can cause developmental abnormalities, growth suppression, disruption of the endocrine
6 system, impairment of immune function, and cancer (State Water Resources Control Board2007b).
7 PCBs can bioaccumulate and reach higher concentrations in higher levels of agutatic food chains;
8 p of the food web
9
10
11
12
13
14
15 8-1).
16 Dioxins may enter the environment throu
17 dioxin releases are to the atmosphere, sor
18 '
19
20
21 USEPA (2006d) estimated t
22 atmospheric (92.4%),.
23 estimate did not includ
24 activities (Centegsifor|
25
26
27
28
29 ,
30 electrical equipment (Brinkmann and de Kok 1980). Other uses included hydraulic fluids, lubricants,
31 inks, and as a plasticizer (State Water Resources Control Board 2007). While production of
32 transformers and capacitors containing PCBs ended in the United States in 1979, the persistent
33 nature of PCBs in the environment is still a source of concern (Davis et al. 2007).
34 Importance in the Project Area
35 Assessment of how human atmospheric emission sources of dioxins, furans, and PCBs in the project
36 area directly affect the Delta would be difficult, given the complexity of area meteorology. Based on
37 the USEPA (2006c) analysis, the major sources would likely be backyard barrel burning of refuse
38 and medical waste/pathological incineration. Such sources would need to be identified and undergo
39 air transport modeling to determine deposition rates onto land and water in the Plan Area.
40 Human activities related to land and water emissions may be more easily quantified and, based on
41 the USEPA (2006c) analysis, would likely be dominated by application of municipal wastewater

Bay Delta Conservation Plan Administrative Draft February 2012
EIR/EIS 8-97 ICF 00674.11

ED_000733_DD_NSF_00018671-00097



Note to Reader: This is a preliminary draft prepared by the BDCP EIR/EIS consultants and is based on partial information/dato. It has not been reviewed or approved by the Lead Agencies
and does not reflect the Lead Agencies’ or Consultant’s opinion that it is adequate for meeting the requirements of CEQA or NEPA. This document is expected to go through several

revisions prior to being released for formal public review and comment in 2012. All members of the public will have an opportunity to provide comments on the public draft of the revised
version of this document during the formal public review and comment period. Responses will be prepared only on comments submitted in the formal public review and comment period.

Water Quality

1 treatment sludge (land), ethylene dichloride/vinyl dichloride production (land, water), chlor alkali
2 facilities (water), and bleached, chemical wood pulp and paper mills (water).
3 Existing Conditions in the Project Area
4 There are two portions in the project area that are on the Section 303(d) listing for impairment with
5 respect to dioxins, furans, and PCBs. The Stockton Ship Channel is listed for diexins/furans for the
6 overall channel, while 3.3 miles of the Channel are listed for PCBs. The North Delta has a PCB
7 impairment listing for 15.5 miles of drainage canal near Sacramento.;
8
9
10
11
12
13 Francisco Bay. The sectlon below quantlﬁes how th
14 Delta. .
15 art of water quality monitoring programs in
16 Carbofuran have been analyzed at the Banks
17
18 There was a large monito
19 examined included PCB-10
20 (BDAT 2009) The statiois
21 ‘
22
23
24
25
26
27 ;  Antioch Ship Channel. The latter two
28 stations were sampled for PCBs on an annual basis by S part of its monitoring program
29 (denoted as stations BG20 and BG30, respectively). The SFEI laboratory reporting limits are on the
30 order of 0.01 pg/L, which are about 10,000,000 times more sensitive than the laboratory reporting
31 limits for the Banks and Barker Slough pumping plants.
32 Analytes examined in the present effort for the Banks and Barker Slough Pumping Plants include
33 PCB-1016, PCB-1221, PCB-1232, PCB-1242, PCB-1248, PCB-1254, and PCB-1260. The monitoring
34 program sampled for each of these analytes approximately 16 times during the water years 2001 to
35 2006 for each location. No detections were found.
36 Forty different PCB compounds ranging from PCB 008 to PCB 203 were examined by the SFEI
37 laboratory for the Sacramento River above Point Sacramento and the San Joaquin River at Antioch
38 Ship Channellocations. As mentioned previously, laboratory detection limits for the SFEI laboratory
39 are on the order of pg/L. These very low detection limits have enabled the detection of many PCBs
40 examined in the current study, which are presented as the sum of all PCBs in Table 8-37.
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Water Quality

1 Table 8-37. Sum of All Polychlorinated Biphenyls at the Mouths of the Sacramento and San
2 Joaquin Rivers, Water Years 2001-2006
Minimum Maximum Mean Median
Sum of all PCBs Samples {pg/L) {pg/L) (pg/L) (pg/L)
Sacramento River above Point Sacramento
Dissolved 7 35 70 50
Total 6 67 138 95
San Joaquin River at Antioch Ship Channel
Dissolved 5 47 60 53
Total 5 70 254 98
Source: SFEI Website 2010.
Notes: All concentrations in picograms per liter (pg/L). Sa si : ts water quality samples

having values at or greater than the reporting limit.
PCB = polychlorinated biphenyl

3

4

5

6

7

8 t California Aqueduct Check 13 ar

9 constituents also resulted in ns during the same time period
10 Delta locations (app at
11 Sacramento River at
12 )
13
14
15 ,
16 Central Valley (source: unknown point source near:
17 compounds arg-on the Section 303(d) list for the San co Bay (source: atmospheric
18 deposition) and the Central Valley (source: contaminateds
19 are on the Section 303(d) list for the San Francisco Bay (sources: unknown nonpoint, unknown).
20 With regard to Basin Plan narrative objectives, any of the compounds above might be considered
21 “toxic” at high concentrations. There are no numerical water quality objectives for the San Francisco
22 Bay Regional Water Quality Control Board or Central Valley Regional Water Quality Control Board
23 Basin Plans. The California drinking water standard MCL for 2,3,7,8-TCDD is 0.00000003 mg/L; the
24 MCL for carbofuran in 0.018 mg/L. The CTR for 2,3,7,8-TCDD is 0.000000013 pg/L for Human
25 Health: Water and Organisms, and 0.000000014 pg/L for Human Health: Organisms Only. Data are
26 inadequate to assess whether the sites examined in this SFEI monitoring exceeded this standard.
27 The CTR criteria for PCBs (sum of 6 aroclors) is 0.014 pg/L (freshwater chronic), 0.03 pg/L
28 (saltwater chronic), 0.00017 pg/L (Human Health: Water and Organisms), and 0.00017 ug/L
29 (Human Health: Organisms Only). Data examined in this study indicate that these criteria have not
30 been exceeded.

Bay Delta Conservation Plan Administrative Draft February 2012
EIR/EIS 8-99 ICF 00674.11

ED_000733_DD_NSF_00018671-00099



Note to Reader: This is a preliminary draft prepared by the BDCP EIR/EIS consultants and is based on partial information/dato. It has not been reviewed or approved by the Lead Agencies
and does not reflect the Lead Agencies’ or Consultant’s opinion that it is adequate for meeting the requirements of CEQA or NEPA. This document is expected to go through several

revisions prior to being released for formal public review and comment in 2012. All members of the public will have an opportunity to provide comments on the public draft of the revised
version of this document during the formal public review and comment period. Responses will be prepared only on comments submitted in the formal public review and comment period.

Water Quality

1 8.1.3.16 Polycyclic Aromatic Hydrocarbons

2 Background

3 PAHs are toxic compounds formed primarily as products of incomplete combustion (burning) of

4 substances such as gasoline, coal, oil, wood, garbage, grilled meat, and tobacco (ATSDR 1995). Some
5 PAHSs are manufactured for specific uses such as asphalt, creosote, roofing tar, medicines, dyes,

6 pesticides, and plastics. Mahler et al. (2005) suggest that parking lot sealcoat be a major source
7 of PAHs to urban water bodies. PAHs in the environment tend to be £ "

8 mixturesratherthan single compounds (Oros et al. 2007).

9 PAHs can lead to red blood cell damage, leading to anemia Su

10

11

12

13 means ofexposure to PAHs occurs through

14 contact of PAH-containing products and ingesti ds and liquids containing PAH compounds.

15 Consequently, the beneficial uses most dir; d by PAHs include aquatic organisms (cold

16 freshwater habitat, warm freshwaterh

17 Endangered species, if the community

18 aquatic environment; harves k,

19 commercial and sport fishi

20 8-1).

21 PAHs enter the envirg

22

23

24

25

26

27 ticles and settle to the bottoms of

28 yw. PAHs stay adsorbed to soil

29 particles, although some tend to evaporate and/or contaminate groundwater.

30 PAHs can break down to longer-lasting products by reacting with sunlight and other chemicals in

31 the air, generally over a period of days to weeks. Breakdown in soil and water generally takes weeks

32 to months, and is caused primarily by the actions of microorganisms.

33 Benzo[a]pyrene is an example of an environmental PAH that can behave as described above (U.S.

34 Environmental Protection Agency Website 2009h). Benzo[a]pyrene is expected to bioconcentrate in

35 aquatic organisms that can not metabolize it. Reported bioconcentration factors include: Oysters,

36 3000; Rainbow Trout, 920; Bluegills, 2,657; zooplankton, 1,000 to 13,000. The presence of humic

37 acid in solution has been shown to decrease bioconcentration. Those organisms thatlack a

38 metabolic detoxification enzyme system tend to accumulate these compounds. For example,

39 bioconcentration factors have been found to be very low (<1) for Mudsuckers, Sculpins, and Sand

40 Dabs.

41 There are two major sources of PAHs in drinking water: contamination of raw water (untreated)

42 supplies from natural and human-made sources, and leachate from coal tar and asphaltlinings in
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Water Quality

1 water storage tanks and distribution lines. PAHs in raw water will tend to adsorb to any particulate
2 matter and be removed by filtration before reaching the drinking water supply. Background levels of
3 PAHs in drinking water range from 4 to 24 ng/L (U.S. Environmental Protection Agency
4 Website 2009h).
5 The MCL for benzo[a}pyrene is 0.0002 mg/L. Potential health effects from exposure above the MCL
6 include reproductive difficulties and increased risk of cancer. The public health MCLG is a
7 concentration of zero (U.S. Environmental Protection Agency Website 2009h). |
8 Importance in the Project Area
9 Assessment of how human atmospheric emission sources of P
10
11
12 the Plan Area. Human activities related to PAH land ai
13 quantified. Land applications of PAHs in the proje
14 hazardous waste containers, while water sourci
15 sewage, and stormwater runoff.
16 The Regional Monitoring Program for.
17 PAHs and other pollutants in.San F
18 locations, including the myodt’“ﬁs,gft
19 In an analysis of 1993-20
20 concentration by estua
21 o
22 o
23 -
24 o
25 o
26 These results suggest that the Delta is not a major contributor of PAHs to San Francisco Bay. Using
27 PAH isomer pair ratio analysis, Ross and Oros (2004) showed that PAHs in estuary waters were
28 derived primarily from combustion of fossil fuels/petroleum (possible PAH source contributors
29 include coal, gasoline, kerosene, diesel, No. 2 fuel oil, and crude oil) and biomass (possible
30 contributors include wood and grasses), with lesser amounts of PAH contributed from direct
31 petroleum input.
32 A modeling exercise of PAHs in San Francisco Bay ranked PAH loading pathways as stormwater
33 runoff (51%), tributary inflow (28%), wastewater treatment plant effluent (10%), atmospheric
34 deposition (8%), and dredged material disposal (2%) (Greenfield and Davis 2005; Oros et al. 2007).
35 A study of PAH inputs and sources (surface water, stream, precipitation) along an urban tributary to
36 the Sacramento River took place in 2004 and 2005 (Kim and Young 2009).
37 Surface water concentrations varied from 192 to 3,784 ng/L for total PAHs and 18 to 48 ng/L for
38 dissolved PAHs. Precipitation concentrations varied from 77 to 236 ng/L for total PAHs and 15 to 66
39 ng/L for dissolved PAHs. The authors suggest that indirect deposition (i.e., washoff of atmospheric
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Water Quality

1 particles previously deposited to land) of PAHs into surface water are a more likely substantial input
2 pathway for total PAHs than direct dry or wet deposition during the wet season. They also assert
3 that particulate matter carried by stormwater runoff was the major source of PAHs in surface water
4 in the early rainy season.
5 Existing Conditions in the Project Area
6 Recent monitoring efforts to assess PAHs are very limited with respect to our lected locations. For
7 example, naphthalene had been sampled at three pumping plants (B | rk" Slough CCWD #1)
8 and the San Joaquin River at Vernalis since the late 1990s with no
9 The Sacramento River above Point Sacramento and the San ] Antioch Ship Channel
10 were sampled for 24 different PAH compounds on an annual as part of its monitoring
11 program (denoted as stations BG20 and BG30, respecti ly) T boratory reporting limits
12 are on the order of pg/L, which are orders of magnity
13 !
14
15
16
17
Maximum
Sum of all PAHs {pg/L) (pg/L)
Sacramento River ab
Dissolved 17,444 9,359
15,415
9,331
15,017
Notes: All concentrations in picograms per liter (pg/L):Sample size represents water quality samples
having valuesat or greater than the reporting limit. '
PAH = polycyclic aromatic hydrocarbon
18
19 The samples were taken between late July and late August, which does not allow examination of wet
20 versus dry season effects. The results indicate that PAHs are present in the Sacramento and San
21 Joaquin River outflows during summer conditions, albeit at low concentrations. Values for PAHs
22 were comparable between the two locations. No detections were reported in the data examined for
23 the north and south of Delta sampling locations.
24 Regulatory criteria with respect to PAHs are as follows. There are no listings for PAHs on the
25 Section 303(d) list in the Delta. With regard to Basin Plan narrative objectives, PAHs might be
26 considered “toxic” at high concentrations. There are no numerical water quality objectives for the
27 Central Valley Regional Water Quality Control Board or San Francisco Bay Regional Water Quality
28 Control Board Basin Plans. The CTR criteria for benzo[a]pyrene is 0.0044 pg/L (Human Health:
29 Water and Organisms) and 0.049 pg/L (Human Health: Organisms Only). The California drinking
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Water Quality

1 water standard MCL for benzo[a]pyrene is 0.0002 mg/L. Data are inadequate to assess whether the
2 sites examined in this study exceeded the CTR or drinking water standard MCL.
3  8.1.3.17 Emerging Pollutants: Endocrine-Disrupting Compounds and

Pharmaceutical and Personal Care Products

Background

5

6 Emerging water quality contaminants represent a broad rarge of chel
7 traditionally been part of monitoring programs because they were'
8 recently or the ablhty to quantify them had not been possible

9
10
11
12
13
14 Endocrine-Disrupting Chemicals
15 EDCs interfere with hormone (i.e., end
16 ]
17
18
19
20
21
22
23 e body. The effect of this
24 'mone system (U.S. Environmental
25 imies a natural hormone can resultin
26  much growth hormone) or generation
27 of a responseiatan inappropriate time (e.g., producingi in'when not needed). Other EDCs can
28 block natural hormones from binding. Overall, the actio DCs is typically undesirable because
29 EDCs can disrupt normal body function.
30 EDCs have also been studied with respect to their potential impacts on aquatic organisms (e.g.,
31 Snyder 2003, 2008). For example, studies of the impact of estrogen exposure to fish downstream of
32 wastewater treatment plants have detected elevated levels of vitellogenin, a female-specificegg yolk
33 protein, in male fish. In a 7-year study, investigators found that concentrations of
34 estrogens/estrogen mimics observed in freshwaters could affect the sustainability of wild fish
35 populations by altering the male population (Kidd et al. 2007).
36 Examples of EDCs include natural plant and animal compounds, metals (e.g., arsenic, cadmium, lead,
37 and mercury), dioxins, PAHs, pesticides, PPCPs, and PCBs (Snyder 2008). Sources of anthropogenic
38 EDCs include wastewater treatment plants, private septic systems, urban stormwater runoff,
39 industrial effluents, landfill leachates, discharges from fish hatcheries and dairy facilities, runoff
40 from agricultural fields and livestock enclosures, and land amended with biosolids or manure.
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Water Quality

1 Wastewater treatment plants are just beginning to examine their ability to treat for EDCs, with an
2 encouraging degree of success (e.g., Snyder 2008; Benotti et al. 2009; CCWD 2009). Related research
3 suggests that estrogen compounds can be biodegraded in the stream sediments below plant outfalls
4 (Bradley et al. 2009).
5 Pharmaceuticals and Personal Care Products
6 PPCPs generally represent products used by humans for personal health (e.g.,ﬁ scription and over-
7 :
8
9
10
11
12
13 infancy. Concern exists because so much is unknow
14 number of PPCPs is growing.
15 According to the USEPA (2009j), people ¢
16 residues pass out of the body and int
17 products they use wash down the sh
19
20 2009; CCWD 2009).
21 Given the hundreds of E ’
22 i ; tithern California
23 e keyed in on several
24 ct humans and
25
26 amitied 95 chemicals in 139 streams
27 the most frequently detected
28 compounds were coprostanol (fecal steroid); cholesterg t and animal steroid); N,N-
29 diethyltoluamide (insect repellant); caffeine (stimulant losan (antimicrobial disinfectant); tri(2-
30 chloroethyl)phosphate(fire retardant);and 4-nonylphenol (nonionic detergent metabolite).In a
31 follow-up study, the most frequently detected chemicals targeted in surface water were cholesterol,
32 metolachlor (herbicide), cotinine (nicotine metabolite), and p-sitosterol (natural plant sterol).
33 Importance in the Project Area
34 Studies of EDCs and PPCPs in California waters are, like the national studies, typically less than 10
35 years old. A few of these studies are highlighted in the following sections.
36 In 2001 and 2002, a survey of raw and treated drinking water from four water filtration plants in
37 San Diego County showed the occurrence of several PPCPs including phthalate esters, sunscreens,
38 clofibrate, clofribric acid, ibuprofen, triclosan, and DEET (Loraine and Pettigrove 2006). This is
39 important because on average, roughly a third of the water in San Diego County originates from the
40 Delta via conveyances of the SWP. According to the study, occurrence and concentrations of these
41 compounds were highly seasonally dependent, and reached maximums when the flow of the San
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Water Quality

1 Joaquin River was low and the quantity of imported water was high. The maximum concentrations
2 of the PPCPs measured in the raw water were correlated with low flow conditions in the Delta that
3 feed the SWP.
4 Sampling in the Bay Delta system in 2002 and 2003 resulted in detection of several EDCs and PPCPs
5 (Hoenicke et al. 2007). In this study, the authors reported flame-retardant compounds, pesticides
6 and insecticide synergists, insect repellents, PPCPs, plasticizers, non-ionic sutfactants, and other
7 manufacturing ingredients in Water sediment and/or biological tissue sampl 5, Several of these
8 concentrations of
9 diphenyl ethers

10 :

11

12

13

14 |

15 i i i istribution sy 1n southern California (Guo et al.

16 - | of the Sacramento River/Delta/

17 :

18

19 um concentrations for some analytes

20 nalyte concentratio rally lowerin

21 ter treatment plants, indica ter effluent

22 ces'of most PPCPs detected.

23

24

25

26

27 ; cip ,

28 ViSO t 2009). Of the 62 compounds

29 oxazole (pharmaceutical),

30 meprobamate [pharmaceutical), atrazine (herbicide ine disruptor), tricolsan

31 (pharmaceutical), and dioctyl phthalate (used to make plastics - endocrine disruptor). The study

32 concluded that detection occurred at low concentrations and should not pose any health threats.

33 Existing Conditions in the Project Area

34 Data for most EDCs and PPCPs in the Delta and the north and south of Delta locations are very

35 sparse because most compounds are not typically part of water quality sampling programs. The

36 aforementioned studies represent the most current information on the monitoring of these

37 compounds in the Delta.

38 Regulatory criteria with respect to emerging pollutants are as follows. Numerical water quality

39 objectives for the CTR, Central Valley Regional Water Quality Control Board Basin Plan, San

40 Francisco Bay Regional Water Quality Control Board Basin Plan, or California drinking water MCLs

41 for certain emerging pollutants that act as EDCs are discussed in previous constituent subsections:

42 mercury, selenium, other trace metals, dioxins, PAHs, PCBs, and pesticides. Listings for emerging

43 pollutants on the Section 303(d) list are limited to these aforementioned subsections as well. With
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Water Quality

1 regard to Basin Plan narrative objectives, emerging pollutants might fall under the “population and
2 community ecology” or “toxic” categories.
3 Recent efforts with respect to emerging contaminants in the project area have focused on
4 developing strategies to assess the problem. For example, State Water Board (2010c) sponsored a
5 report to determine a framework to determine which chemicals of emerging concern to monitor,
6 apply the framework, develop sampling designs/approaches,and establish rities for future
7 improvements in monitoring/interpretation of chemicals of emerging concern data. Johnson et al.
5 ,
9
10
11
12 d:programs define the framework for
13 ion focuses on water quality
14 d state agencies responsible for
15
16 o USEPA.
17 State Water Board.
18
19
20 1ty, és it does for other
21 wvarious authorities for
22 ater quality to the state.
23 is authority is delegated to the S The State Water Board, in turn,
24 ority to its nine regional water boz ent'the state’s water quality
25 ; thoughthe state generally takes the
26 lead on developing and adopting water quality standards for California, USEPA must approve new or
27 modified standards. Thus, USEPA, State Water Board, and'the two Regional Water Boards cited
28 above have worked together to establish existing water quality standards for the project area. Water
29 quality standards have three components: (1) the beneficial uses of the water to be protected; (2)
30 the water quality criteria (referred to as “objectives” in California) that shall be met to protect the
31 beneficial uses; and (3) an antidegradation policy to protect and maintain water quality when it is
32 better than the criteria/objectives. Additionally, DFG, USFWS, NMFS and the Federal Energy
33 Regulatory Commission impose water quality standards such as DO and temperature in the project
34 area.
35  8.2.1 Federal Plans, Policies, and Regulations
36 8.2.1.1 Clean Water Act
37 The CWA established the basic structure for regulating discharges of pollutants into the waters of
38 the United States and gave USEPA the authority to implement pollution control programs, such as
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Water Quality

1 setting wastewater standards for industry. The CWA sets water quality standards for all
2 contaminants in surface waters. The statute employs a variety of regulatory and nonregulatory tools
3 to sharply reduce direct pollutant discharges into waterways, finance municipal wastewater
4 treatment facilities, and manage polluted runoff. The CWA authorizes USEPA to delegate many
5 permitting, administrative, and enforcement aspects of the law to state governments. However,
6 USEPA still retains oversight responsibilities. In California, such responsibility has been delegated to
7 the state, which administers the CWA through State Water Board and the nine Regional Water
8 Boards.
9 Section 303(d)
10 Under CWA Section 303(d), states, territories, and authorize i tribes ar required to develop a
11 ranked list of water-quality limited segments of rivers and Othe bodies under their
12 jurisdiction. Llsted Waters are those that do not meet wati
13 ution control technology. The
14 tor and improve water quality. TMDL
15
16
17 defines the maximum amount of a p
18 quality standard. TMDLs can Jead t
19 ¢ enrichment/low
20 jer at Vernalis.
21 ‘
22
23
24
25
26 atrol agency with jurisdiction over af 1e point where the discharge
27 ate. Therefore, all projects that have iponent and may affect state water
28 quality (inclu ing projects that require federal agenc al [such as issuance of a CWA Section
29 404 permit] must comply with CWA Section 401.In Ca ia, the authority to grant water quality
30 certification has been delegated to the State Water Board, and applications for water quality
31 certification are typically processed by the RegionalWater Board with local jurisdiction. Water
32 quality certification requires evaluation of potential effects in light of water quality standards and
33 CWA Section 404 criteria governing discharge of dredged and fill materials into waters of the United
34 States. For the BDCP, water quality certification will be obtained from Central ValleyWater Board.
35 Section 402
36 Under CWA Section 402, point- and nonpoint-source discharges to surface waters are regulated
37 through the NPDES program. In California, the State Water Board oversees the NPDES program,
38 which is administered by the Regional Water Boards. The NPDES program provides for both gereral
39 permits (those that cover a number of similar or related activities) and individual permits.
40 The NPDES Wastewater Program has responsibility for regulating wastewater discharges to surface
41 waters. Primary program activities include: (1) issuing NPDES permits (new and renewals); (2)
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Water Quality

1 monitoring discharger compliance with permit requirements (review of discharger self-monitoring
2 reports and compliance inspections); (3) taking enforcement action as appropriate; (4) investigating
3 spills and illegal discharges; and (5) handling petitions and litigation.
4 The NPDES Stormwater Program regulates municipal (Municipal Separate Storm Sewer Systems),
5 construction, industrial, and California Department of Transportation stormwater discharges. Best
6 management practices to control sediment erosion are typically used as part ¢f this program. In
7 general, the stormwater program differs from many other programs in that it yses general permits
8 adopted by the State Water Board. Dischargers that desire coverage these permits must
9 y \ :
10
11
12
13 under the General Construction Permit.
14 Section 404
15
16
17
18
19
20
21
22
23
24
25
26 ; i
27 identifyi DPA. i d by mcerned members of the public
28 : ile gi i i ments on project alternatives and
29 documentation.
30 Construction of the BDCP would be subject to regulationuinder Sections 401, 402, and/or 404 of the
31 CWA.
32 8.2.1.2 Rivers and Harbors Act Section 10
33 Section 10 of the Rivers and Harbors Act of 1899 requires authorization from the U.S. Army Corps of
34 Engineers for the construction of any structure in or over navigable watas of the United States, the
35 excavation/dredging or deposition of material in these waters, or any obstruction or alternation in
36 navigable water.
37 Construction of the BDCP would be subject to regulation under Section 10 of the Rivers and Harbors
38 Act.

Bay Delta Conservation Plan Administrative Draft February 2012
EIR/EIS 8-108 ICF 00674.11

ED_000733_DD_NSF_00018671-00108



Note to Reader: This is a preliminary draft prepared by the BDCP EIR/EIS consultants and is based on partial information/dato. It has not been reviewed or approved by the Lead Agencies
and does not reflect the Lead Agencies’ or Consultant’s opinion that it is adequate for meeting the requirements of CEQA or NEPA. This document is expected to go through several

revisions prior to being released for formal public review and comment in 2012. All members of the public will have an opportunity to provide comments on the public draft of the revised
version of this document during the formal public review and comment period. Responses will be prepared only on comments submitted in the formal public review and comment period.

Water Quality

1 8.2.1.3 Federal Antidegradation Policy
2 The federal antidegradation policy is designed to provide the level of water quality necessary to
3 protect existing uses and provide protection for higher quality and national water resources. The
4 federal policy directs states to adopt a statewide policy that includes the following primary
5 provisions (40 CFR 131.12).
6 Existing instream water uses and the level of water quality necessary to rotect the existing uses
7 shall be maintained and protected. '
8 1. Where the quality of waters exceed levels necessary to suppo
9 and wildlife and recreation in and on the water, that quali
10 ‘
11
12
13
14
15
16
17
18
19 12 states and 2 territories, inc
20 303(c)(2)(B) of the CWAH
21
22
23
24
25
26
27
28 promulgated ¢eriteria (57 FR 60860, December 22, 19 endments to the NTR occurred in May
29 1995 and November 1999. The CTR (described in a subse uent section) was subsequently
30 promulgated in 2000 and carried forward the established criteria of the NTR, thereby providing a
31 single regulation containing California’s adopted and applicable water quality criteria for priority
32 pollutants.
33 8.2.1.5 Safe Drinking Water Act
34 The SDWA was established to protect the public health and quality of drinking water in the United
35 States, whether from aboveground or underground sources. The SDWA directed USIPA to set
36 national standards for drinking water quality. [t required USEPA to set MCLs for a wide variety of
37 potential drinking water pollutants (Appendix 8A). The owners or operators of public water systems
38 are required to comply with primary (healthrelated) MCLs and encouraged to comply with
39 secondary (nuisance- or aesthetics-related) MCLs.
40 SDWA drinking water standards apply to treated water as it is served to consumers. All surface
41 waters require some form of treatment in order to meet drinking water standards. The degree of
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Water Quality

1 treatment needed depends on the quality of the raw water. The highest quality raw surface waters
2 need only to be disinfected before being served to consumers. More typically, raw water is treated in
3 a conventional water treatment plant that includes sedimentation, filtration, and disinfection
4 processes. Municipal water suppliers prefer raw water sources of high quality because their use
5 minimizes risk to public health and because their use minimizes the cost and complexity of
6 treatment to meet SDWA drinking water standards.
7 Some constituents of Delta water are of particular concern to municipal contr ctors because they
8
9
10
11 raw water by advance water treatment processes, but to do '
12 by municipalities. ‘
13 8.2.1.6 Surface Water Treatment Rule
14 The Federal Surface Water Treatment Rule is in
15 Treatment Rule, which satisfies three specif
16
17
18
19
20
21
22
23
24
25
26 Is for chlorine, chloramines, and
27 | anes, five HAAs, chlorite, and
28 bromate. The primary purpose of the Long-Term 1 En ‘Surface Water Treatment Rule is to
29 improve microbial control, especially for Cryptosporidium
30 Water systems that use surface water and conventional filtration treatment are required to remove
31 specified percentages of organic materials, measured as TOC, which may react with disinfectants to
32 form DBPs. Removal is to be achieved through a treatment technique (e.g., enhanced coagulation or
33 enhanced softening), unless the system meets alternative criteria.
34 USEPA adopted the Stage 2 Microbial and Disinfection Byproducts Rules in January 2006. The Rules
35 include both the Stage 2 Disinfectants and Disinfection Byproducts Rule and Long-Term 1, and Long-
36 Term 2 Enhanced Surface Water Treatment Rule. These rules include revised and new
37 requirements, such as water systems having to meet DBP MCLs at each monitoring site in the
38 distribution system, rather than averaging multiple sites. The rules also contain a risk-targeting
39 approach to better identify monitoring sites where customers are exposed to high levels of DBPs.
40 The rules include new requirements for treatment efficacy and Cryptosporidium inactivation/
41 removal, as well as new standards for DBPs, disinfectants, and potential contaminants.
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Water Quality

1 The overall goal of this group of regulations is to balance the risks from microbial pathogens with
2 those from carcinogenic DBPs. All domestic water suppliers must follow the requirements of these
3 rules, which are overseen by DPH.
4 8.2.2 State Plans, Policies, and Regulations
5 8.2.21 Porter-Cologne Water Quality Control Act of 1969
6
7
8
9
10
11
12
13
14
15
16
17
18 8.2.2.2
19
20 & (Section 13240)
21 twater quality standards
22 1e water quality criteria
23 50 of the California Water Code,
24 aters within a specified area of beneficial
25 ses,and a program of
26 0] uses are defined in Water Code
27 Section 13050(t) as including domestic, municipal, agriewtiiral, and industrial supply; power
28 generation; recreation; aesthetic enjoyment; navigation; and the preservation and enhancement of
29 fish, wildlife, and other aquatic resources or preserves. Because beneficial uses, together with their
30 corresponding water quality objectives, can be defined per federal regulations as water quality
31 standards, the WQCPs are regulatory references for meeting the state and federal requirements for
32 water quality control. One substantial difference between the state and federal programs is that
33 California’s WQCPs establish standards for groundwater in addition to surface water. Adoption or
34 revision of surface water standards is subject to the approval of USEPA.
35 The State Water Board is responsible for protecting, where feasible, the state’s public trust
36 resources, including fisheries and has the authority under Article X, Section 2 of the California
37 Constitution and Water Code Section 100 to prevent the waste or unreasonable use, unreasonable
38 method of use, or the unreasonable method of diversion of all waters of the state.
39 The State Water Board Water Rights Division has primary regulatory authority over water supplies
40 and issues permits for water rights—specifying amounts, conditions, and construction timetables—
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Water Quality

1 for diversion and storage facilities. Water rights decisions implement the objectives adopted in the
2 Delta WQCP and reflect water availability, recognize prior water rights and flows needed to
3 preserve instream uses (such as water quality and fish habitat), and whetherthe diversion of water
4 is in the public interest.
5 WQCPs adopted by Regional Water Quality Control Boards are primarily implemented through the
6 NPDES permitting system and issuance of waste discharge requirements to f¢
7 discharges so water quality objectives are met. Basin plans provide the
8 determining waste discharge requirements and authorize the Regiong
9
10
11
12 Jontrol Plan for the San Francisco
13 tate Water Resources Control
14 Board 2006). The WQCP identifies beneficial us
15 objectives for the reasonable protection o
16 achieve the water quality objectives.
17 The 2006 WQCP adoption did.not i
18 o
19 and CVP to new Delta habite
20 water rights decision (D- 16
21 the estuarmehablmt objecti
22
23
24
25
26
27
28
29 8.2.2.4 Water Quality Control Plan (Basin Plan) for the Sacramento and
30 San Joaquin River Basins
31 The Basin Plan for the Central Valley Regional Water Quality Control Board covers an area including
32 the entire Sacramento and San Joaquin River basins, involving an area bound by the crests of the
33 Sierra Nevada on the east and the Coast Range and Klamath Mountains on the west. The area
34 covered in this WQCP extends some 400 miles, from the California-Oregon border southward to the
35 headwaters of the San Joaquin River. The BDCP will be required to meet the water quality objectives
36 in the Basin Plan for the Sacramento and San Joaquin River basins, which was designed to protect
37 the beneficial uses of the Sacramento and San Joaquin Rivers and their tributaries, and was last
38 amended in 2009 (Central Valley Regional Water Quality Control Board 2009a).
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Water Quality

1 8.2.2.5 San Francisco Bay Basin Water Quality Control Plan (Basin Plan)
2 The Basin Plan covers 1,100 square miles of the 1,600 square-mile San Francisco Bay Estuary and
3 includes coastal portions of Marin and San Mateo counties, from Tomales Bay in the north to
4 Pescadero and Butano Creeks in the south. The Bay system functions as the only drainage outlet for
5 waters of the Central Valley. It also marks natural topographic separation between the northern and
6 southern coastal mountain ranges. The region’s waterways, wetlands, and form the centerpiece
7 of the fourth-largest metropolitan region in the United States, and includes all oz major portions of
8 Alameda, Contra Costa, Marin, Napa, San Francisco, San Mateo, Santa lara, § ,and Sonoma
9 counties. ' ]
10 8.2.2.6
11
12
13 Statementof Policy With Respect to
14 i itain high quality waters where they exist
15 ,
16
17
18 y change will be consis! \ maximum benefit
19 onably affect present an beneficial use of
20 ;
21
22
23
24
25
26
27 Wate i ion Ng.,68- incorporate the federal
28 policy, which is applicable if a discha egan after November 28, 1975, will
29 lower existing surface water quality.
30 8.2.2.7 Water Quality Control Plan for the Control of Temperature in the
31 Coastal and Interstate Waters and Enclosed Bays and Estuaries
32 of California (Thermal Plan)
33 The Thermal Plan sets limits for “thermal waste” and “elevated temperature waste” discharged into
34 coastal and interstate waters and enclosed bays and estuaries of California (State Water Resources
35 Control Board 1975). The Thermal Plan also empowers Regional Water Boards, with State Water
36 Board’s concurrence, to grant a discharger exceptions from the plan’s specific water quality
37 objectives. Estuarine waters are considered to extend from “... a bay or the open oceanto the
38 upstream limit of tidal action.”
39 Objective 5A(1)a of the Thermal Plan prohibits a waste discharge to estuaries that exceeds the
40 natural receiving water temperature by more than 202F. Objective 5A(1)b prohibits a waste
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Water Quality

1 discharge that would cause more than a 12F (0.562C) rise in more than 25% of the receiving water
2 cross-section at the discharge location. Objective 5A(1)c states that no discharge shall cause a
3 surface water temperature rise of more than 4°F above the natural receiving water temperature at
4 any time. State Water Resources Control Board Sources of Drinking Water Policy (Resolution No. 88-
5 63)
6
7
8
9 groundwaters as suitable, or potentially suitable, for municipal or
10 defines the following three categories of waters potentially eligible
11 ,,
12
13
14 Practices or best economically achievable'treat
15 gallons per day).
16 Waters designed or modified to treat
17
18
19
20
21
22 8.2.2. Impl ' 1e Nonpoint
23 uti ,, de Section
24 2)(
25
26
27
28 of pollutants ftem agricultural sources. Groundwater ies within California’s agricultural areas
29 have also suffered pesticide, nitrate, and salt contamination.
30 Historically, most Regional Water Quality Control Boards regulated these discharges under waivers,
31 as authorized by Water Code Section 13269, and other administrative tools were seldom used.
32 Section 13269 allows the Regional Water Quality Control Boards to waive the requirement for waste
33 discharge requirements if it is in the public interest. Although waivers were always conditional, the
34 historical waivers had few conditions. In general, they required that discharges not cause violations
35 of water quality objectives, but did not require water quality monitoring.
36 In May 2004, the State Water Board adopted a new policy regulating nonpoint source pollution,
37 known as the Policy for Implementation and Enforcement of the Nonpoint Source Pollution Control
38 Program, fulfilling the requirements of Water Code Section 13369(a)(2)(B). This policy affects
39 landowners and operators throughout the state engaged in agricultural production, timber harvest
40 operations, and other potential sources of nonpoint source pollution.
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Water Quality

1 The 2004 policy generally expects nonpoint source dischargers to use management practices that do
2 not impair surface water quality and charges each landowner a fee to cover increased regulatory
3 oversight. Consequently, implementation programs for nonpoint source pollution control have
4 expanded beyond waivers and may now be developed by a Regional Water Board, the State Water
5 Board, individual dischargers, or by a coalition of dischargers in cooperation with a third-party
6 representative, organization, or government agency. The latter programs are.collectively known as
7 “third-party” programs, and the third-party role is restricted to entities that are not actual
8 dischargers under Regional Water Board/State Water Board point-disd] permitting and
9 enforcement jurisdiction. ' "
10 8.2.2.9 California Toxics Rule
11
12
13 ted ntimeric criteria for priority
14 2 5 Federal Register 31682, May 18,
15 andf“’ ds ofthe NTR thereby prov1dmg a smgle
16

17 8.2.2.10

18 lifornia

19 Vaters, Enclosed
20

21

22

23

24

25

27 ool to be used in conjunction with
28 e development of TMDLs to ensure
29 achievement of water quality standards (1 e., water quality criteria or objectives and the beneficial
30 uses they are intended to protect, as well as the state and federal antidegradation policies).

31 SIP established: (1) implementation provisions for priority pollutant criteria promulgated by USEPA
32 through the NTR and CTR and for priority pollutant objectives established by Regional Water

33 Quality Control Boards in their WQCPs; (2) monitoring requirements for 2,3,7,8-TCDD equivalents;
34 and (3) chronic toxicity control provisions. In addition, the SIP includes special provisions for

35 certain types of discharges and factors that could affect the application of other provisions in the
36 policy.

37 8.2.2.11 Department of Public Health Safe Drinking Water Act

38 Implementation

39 DPH is designated by USEPA as the primary agency to administer and enforce requirements of the
40 federal SDWA in California. Public water systems are required to monitor for regulated

41 contaminants in their drinking water supply. California’s drinking water standards (e.g, MCLs) are
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Water Quality

1 the same or more stringent than the federal standards and include additional contaminants not
2 regulated by USEPA. Like the federal MCLs, California’s primary MCLs address health concerns,
3 while secondary MCLs address aesthetics, such as taste and odor. The California SDWA is
4 administered by DPH primarily through a permit system.
5 8.2.2.12 State Water Resources Control Board Decision. 1641 (D-1641)
6 The Bay-Delta WQCP (discussed previously) outlines current Water quality o tives for the Delta.
8
9
10
11
12
13
14 or equal to 2.64 millimhos/cm; or (3) the 3 day ave
15 corresponding minimum outflow.
16
17
18
19 ty and fl rsof the
20 Sacramento and San Joaquit : ] post-1914 priority
21 dates. However, in lieu ;
22 Water Management A
23 ,
24
25
26
27 sist Order (CDO, Water Rights Order
28 ( ions and a compliance schedule for
29 implementatioh of the requirements contained in D-164, id particular to ensure compliance with
30 the salinity objectives for the interior southern Delta. The €DO also revised the previously issued
31 (July 1, 2005) Water Quality Response Plan approval governing Reclamation’s and DWR’s Joint Point
32 of Diversion (JPOD) operations (i.e., use of the other agency’s respective point of diversion in the
33 southern Delta). The CDO specified that the agencies may conduct JPOD operations provided that
34 both agencies are in compliance with all of the conditions of their respective water right permits and
35 licenses at the time that the JPOD operations would occur. The CDO was amended in January 2010
36 (Water Rights Order No. 2010-0002) to modify the time schedule of actions to follow the State
37 Water Board’s next review of the 2006 Bay-Delta WQCP and separate hearings completed in 2010
38 for the consideration of changes to the interior southern Delta salinity objectives.
39 D-1641 also established the Vernalis Adaptive Management Plan, a 12-year experimental /adaptive
40 management program to assess effects of changes in flows and aquatic habitat resources on juvenile
41 Chinook Salmon migrating from the San Joaquin River through the Delta. More detailed discussion
42 on this plan and the adaptive management process is included in Chapter 11, Fish and Aquatic
43 Resources. This plan will expire after 2011.
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Water Quality

1 SWP and CVP Coordinated Operations Agreement
2 SWP and CVP are relatively independent projects that use a common water supply. [n 1986, Public
3 Law 99-546 authorized the Coordinated Operations Agreement (COA) between the Reclamation and
4 DWR, intended to define the rights and responsibilities of SWP and CVP with respect to use of that
5 common water supply, and provide an infrastructure to monitor those rights and responsibilities.
6 Specifically, the COA defines the project facilities and their water supplies, sets forth procedures for
7 coordination of operations, identifies formulas for sharing joint respon >for meeting Delta
8 flow and water quality standards and other legal uses of water, identifie stored flow will be
9 shared, sets up a framework for exchange of water and services bet

10 for periodic review every 5 years (Bureau of Reclamation 200

11 , ns have occurred to the

12 | altered, revisions to the 1986

13

14

15

16

17 water quality of nonproject water ¢

18 with chemical Concentratioh?éi’l@ss t

19 project water with chemi k

20 basis.

21 8.2.2.13

22

23

24

25 ility objectives for several known
26 i and pathogens (CALFED Bay-Delta
27 Program ZObfb). In response to the CALFED committ ntral Valley Regional Water Quality

28 Control Board is in the process of a multiyear effort to d elop a drinking water policy for surface
29 waters in the Central Valley (Central Valley Regional Water Quality Control Board 2011). Existing

30 policies and plans lack water quality objectives for several known drinking water constituents of

31 concern, including DBP precursors and pathogens, and also lack implementation strategies to

32 provide effective source water protection. The new policy will culminate in the incorporation of new
33 requirements into a Basin Plan amendment, anticipated to be completed in 2013. The Central Valley
34 Regional Water Quality Control Board Drinking Water Policy will apply to Delta waters and any

35 activities, such as discharges, that affect Delta water quality.

36 8.2.3 Nonregional and Local Plans, Policies, and Regulations
37 The principal local regulatory requirements for surface water quality protection at the local

38 governmental agency level consist of stormwater management programs to implement their

39 responsibilities under the statewide NPDES stormwater permits for Municipal Separate (MS) Storm
40 Sewer System adopted by the State Water Board. Larger entities such as the core municipal areas of
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Water Quality

1 Sacramento and Stockton are regulated under individual permits (MS1 permits), whereas smaller
2 cities and unincorporated areas are typically regulated by the State Water Board’s MS4 permit.
3 Entities must prepare Storm Water Management Plans (SWMPs) for the permits that outline the
4 agency actions that will be conducted to reduce the discharge of pollutants from storm drainage
5 systems. The SWMPs must address urban runoff and construction site runoff. Additional County
6 implementing code and regulations for water quality protection typically include grading permits,
7 erosion and sediment control ordinances, and stormwater drainage facility design and management
8 requirements.
s 8.3 Environmental Consequences
10 .
11
12
13
14
15 po
16 C rary construction-related impacts from those
17 s for the alternatives. Each f the alternatives’
18 : onents associated
19 -level features
20
21
22
23
24
25
26 i
27 CVP existing facilities (collectively called conveyanci
28 2. Detailed criteria that will govern the operations of the SWP and CVP conveyance system across a
29 range of hydrological conditions (collectively called operations). Number 1 and 2 together are
30 referred to as conservation measure (CM) 1.
31 3. Habitat Restoration: each action alternative would include a range of tidal marsh, floodplain,
32 riparian, and upland transition habitat activities within the Plan Area. (CM2-CM11).
33 4. Actions to address and control contaminants, nonnative invasive species, and predation, and to
34 address other potentially important non-conveyance and non-habitat-related stressors on
35 covered species (collectively called other stressors) (CM12-CM22).
36 Implementation of the alternatives would result in changes to SWP and CVP facilities and
37 operations, Delta habitats, and Delta hydrodynamics (i.e., how water moves through the Delta).
38 Other conservation measure also could directly affect water quality positively or negatively at
39 certain locations. Thus, the components of the Alternatives could collectively result in complex
40 water quality changes within the affected environment (see Section 8.1). For the purposes of this
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Water Quality

1 assessment, the project area is divided into the three regions (Figure 8-9, Figure 8-10, and Figure
2 8-11).
3 o Plan Area, including the Yolo Bypass, SWP North Bay Aqueduct service area, and Suisun Marsh.
4 o Upstream of the Delta (including the Sacramento and San Joaquin River watersheds).
5 o SWP/CVP Export Service Area (south of the Delta, areas served by the California Aqueduct, Delta
6 Mendota Canal, and South Bay Aqueduct [SBA]).
7
8 follows.
9 1. Would implementation of the Alternatives result in watey
10 ‘
11
12
13 2.
14
15
16
17
18
19
20
21
22
23
24 i , i st of th
25 i ion. : developed for assessing water quality
26 i d onment because:
27 = The beneficial uses of water in each area are affecteddifferently by the Alternatives.
28 o Each area has different constituents of concern and different historical data availability for those
29 constituents.
30 o The availability of models that can be used to support quantitative assessments differs in each
31 area.
32 Hence, a combination of both quantitative and qualitative analyses (as appropriate) was performed
33 to estimate the changes in water quality attributable to implementation of the Alternatives within
34 the three areas of the affected environment. Depending on the constituentand location, these
35 changes could be significant/adverse (e.g., increase in concentration or mass loading of harmful
36 constituents), insignificant, or beneficial.
37 In general, the fewest water quality changes of importance are expected to occur Upstream of the
38 Delta, followed by the SWP/CVP Export Service Areas, with the greatest number and magnitude of
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Water Quality

1 water quality changes expected for the Plan Area. The Plan Area was analyzed in the greatest detail
2 for the following reasons.
3 o Its water quality would be most affected by the BDCP action alternatives.
4 = Ithas complex hydrodynamic characteristics.
5 o Models are available to simulate hydrodynamic and water quality changés within the Delta
6 region.
7 o Delta water quality is critically important to the water supplies o sidents that use
8 water within the Delta and in the SWP/CVP Export Service Aré !
9 .
10 nt, and whether further
11 Jwould be qualitative or
12
13
14
15 tend to not be affected substantially by
16 resultin a loss of the constituent from:
17 7]
18 servative
19 as physical (e.g.,
20 ) . .
21 re complex.
22 and reviewed from
23 |
24 fors
25 ALSIM II, Delta Simulation Model 2
26 ; ire Model) wherever applicable,
27 included EC, DOC, and temperature.
28 { = the only uses expected to be affected
29 by temperaturé changes under the various Alternatives; ater quality chapter cross-references
30 to the Fisheries and Aquatic Resources chapter for all 1mpact assessments for temperature.
31 These models produce detailed estimates of existing and future flow and water quality conditions
32 for the major reservoir, river, Delta, and constructed features such as agricultural diversions,
33 municipal diversions, and associated conveyance facilities within the project area. As such, the
34 CALSIM and DSM2 model outputs also were used to support quantitative mass-balance assessments
35 for several other constituents that exhibit generally conservative characteristics (i.e., boron,
36 bromide, chloride, mercury, selenium, and sulfate). Non-conservative parameters such as DQ
37 nutrients, heavy metals, pesticides, polychlorinated biphenyls, etc., were evaluated qualitatively.
38 Detailed discussion on when and where qualitative or quantitative analyses were performed is
39 included later in this section.
40 Mercury and selenium were analyzed in detail because of their bioaccumulative properties.
41 Bioaccumulation refers to the uptake of a constituent by a biological organism which exceeds the
42 excretion or loss from the organism, such that concentrations within the organism are increased
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Water Quality

1 over time. The specific methodologies used to evaluate these two parameters are discussed
2 separately in this section. Various models used in analyzing these constituents of interest and their
3 interrelationship have also been discussed in detail.
4 Based on the components of the Alternatives (described previously in this section), three categories
5 of potential changes in water quality conditions are described, as follows.
6 o Changes attributable to construction activities.
7 o Changes attributable to operations and maintenance of new con
8 and CVP operational criteria (CM1).
9 o Changes attributable to implementation of other defined
10 It was determined that the action alternatives would result:
11 quality effects within the Plan Area. However, based o n'of BDCP alternatives (see
12 ' ort Service Areas, changes
13
14
15
16
17
18
19
20
21 ,
22 ine thelevel at which an impact wo
23 . Thresholds were based on
24
25
26
27
28 more of the four water quality thresholds of significan 'e or more of the assessmentlocations,
29 then the Alternatives were determined to have a significant adverse impact on that water quality
30 constituent or parameter and mitigation measures were recommended for CEQA purposesto
31 minimize the significant adverse impacts.
32 In summary, the impact assessment methodology includes the following.
33 1. Addressed all constituents of concern based on available information and the current science
34 regarding concentrations/levelsthat would adversely affect beneficial uses of waters within the
35 affected environment.
36 2. Quantitatively evaluated constituents of primary concern where modeling tools were developed
37 and were available for doing so, and made qualitative assessments where appropriate modeling
38 tools were unavailable.
39 3. Evaluated the overall effect of the Alternatives on beneficial uses in a comparative manner
40 throughout the affected environment, during three distinct time frames (see Section 8.3.1),
41 which addressed climate change considerations.
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Water Quality

1 The details of this methodological approach are discussed below. In the following sections, the
2 specific methodologies used to assess water quality impacts within the three distinct areas of the
3 affected environment (i.e., Upstream of the Delta, Plan Area, and SWP/CVP Export Service Areas) are
4 discussed.
5 8.3.1.1 Models Used and their Linkages
6
7
8 and (3) Reclamation’s River Temperature models. A brief descrip
9 below, followed by a discussion of how the results from these
10 in water quality constituent concentrations/parameterlevels;
11
12
13
14
15
16
17
18
19
20
21
22 rage levels,
23 'on,\b’elta inflow, and
24 1oe of these models is for
25 tion temperature models, as
26 odeled using CALSIM Il are
28 ]
29 quality, and partlcle tracking throughout the Delta. DS n be used to calculate stages, flows,
30 velocities, mass transport processes for conservative constituents, and transport of individual
31 particles. The model runs on a 15-minute time step for a 16-year (1976-1991) hydrologic period of
32 record. DSM2 currently consists of three modules: HYDRO, QUAL, and PTM. HYDRO simulates one-
33 dimensional hydrodynamics including flows, velocities, depth, and water surface elevations. HYDRO
34 provides the flow input for QUAL and PTM. QUAL simulates one-dimensional fate and transport of
35 conservative water quality constituents given a flow field simulated by HYDRO. PTM simulates
36 pseudo three-dimensional transport of neutrally buoyant particles based on the flow field simulated
37 by HYDRO. Input assumption details for each scenario modeled are provided in Appendices 4A and
38 5A.
39 CALSIM II output provides the hydrologic input to the temperature models for an 82-year
40 hydrologic period of record (1922-2003). The temperature models consist of two basic model
41 types: a reservoir model and a river model. Reclamation developed reservoir temperature models
42 for Trinity Lake, Whiskeytown Reservoir, Shasta Lake, Folsom Lake, New Melones Lake, and Tulloch
43 Reservoir. The reservoir models are used to simulate one-dimensional, vertical distribution of
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Water Quality

1 reservoir water temperature using monthly input data on initial storage and temperature
2 conditions, inflow, outflow, evaporation, precipitation, radiation, and average air temperature.
3 Temperatures in the downstream regulating reservoirs—Lewiston, Keswick, Natomas, and
4 Goodwin—are computed from equilibrium temperature decay equations in the reservoir models,
5 which are similar to the river model equations.
6 The river temperature models output mean monthly temperatures at 3 locations on the Trinity
7 River from Lewiston Dam to the North Fork, 9 locations on the American Rlve om Nimbus Dam to
8 the mouth, and 8 locations on the Stamslaus River from Goodwm Da
9
10
11
12
13 ) |
14 i i iy " imatic'data. While there are some
15 imitati i ‘se ‘average time step, the models are
16 i rature effects that would occur from
17
18 8.3.1.2
19
20
21
22
23
24
25 | : d'be'changed. Specific changes
26 i ervoi k ine 1 Il modeling of the SWP and CVP
57 , : ’
28 assessment};Reservoir storage and river flow chan were then evaluated to make determinations
29 regarding the'capacity for the affected water bodies to e dilution of watershed contaminant
30 inputs. Also, if a particular parameter was found to be correlated to seasonal reservoir levels or river
31 flows, how the parameter would be altered seasonally by operational changes in reservoir levels or
32 river flows was assessed.
33 8.3.1.3 Plan Area
34 Water quality changes in the Delta were assessed quantitatively to the extent that data and models
35 were available to do so; otherwise, water quality changes were assessed qualitatively. Using the
36 methodology described below, changes in boron, bromide, chloride, mercury, organic carbon,
37 selenium, and sulfate within the Delta were determined quantitatively at 11 assessment locations
38 (Figure 8-9), while electrical conductivity was assessed at D-1641 compliance locations. Operations-
39 related water quality changes would be partly driven by geographic and hydrodynamic changes
40 resulting from restoration actions (i.e., altered hydrodynamics attributable to new areas of tidal
41 wetlands (CM4), for example). To the extent that restoration actions affect altered hydrodynamics
42 within the Delta region, these effects were included in the modeling assessment of operations-
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Water Quality

1 related water quality changes. Methodologies to determine the effects attributable to construction
2 activities and actions to address the other stressors are discussed later in this section (Figure 8-58).
3 Constituent Screening Analysis
4 Constituents assessed in the water quality chapter were identified based on the following
5 considerations.
6 o Availability of historical monitoring data.
7 o Constituents having adopted federal water quality criteria or s objectives.
8 o Constituents on the state’s CWA Section 303(d) list in the
9 o Constituents identified in public scoping comments.
10 o
11 A constituent screening analysis was conducte
12 screening analysis determined which constitue
13 significance by implementation of the Alte
14
15
16
17 Determining Whether
18 For many constituents
19
20
21 'value (see Table SA-7,
22 ngon three factors:
23 lequacy of modehng tools, relative
24
25
26 assessment.
27 Available tools were considered appropriate for modeling only those constituents that could be
28 assumed to be conservative. Other gain/loss mechanisms were accounted for and addressed
29 qualitatively within the quantitative modeling-based assessment. Constituents of concern that could
30 not be analyzed through quantitative modeling were carried forward for qualitative analysis.
31 Appendix C, Table SA-11 contains a list of water quality constituents for which individual
32 assessments were performed and denotes the constituents that were assessed quantitatively
33 through modeling and those that were assessed qualitatively.
34 Quantitative Assessments
35 Using the methodology described below, changes in water quality were determined at
36 11 assessmentlocations across the Delta (Figure 8-9) for each of the constituents assessed
37 quantitatively, with the exception of EC. Assessmentlocations for EC aligned with D1641 compliance
38 locations contained in the Sacramento-San Joaquin Delta WQCP (Bay-Delta WQCP).
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Water Quality

1 Calculation of Changes in Constituent Levels
2 Output from DSM2 was used to calculate changes in constituent concentrations as they would be
3 affected primarily from operations-related actions of the conveyance features of the Alternatives.
4 DSM2 produced: (1) flow-fraction or “fingerprinting” output; and (2) EC and DOC, concentrations for
5 specified Delta locations. Because the DSM2 model directly simulated EC, and DOC, concentrations
6 throughout the Delta, the estimated daily and monthly average concentrations of these constituents
7 were simply compared among alternatives for impact assessment purposes. Additionally, because
8 DSM2 accounts for hydrodynamic conditions in the Delta, the effects he habitat
9 restoration actions (i.e, CM2 and CM4) on EC and DOC are evaluate
10
11
12
13
14
15
16
17 | outside of DSM2) to estimate constituent
18 utfro 12 is the average percentage of water at each
19 Y i the five primary source w i
20 Tt fractions were used togéth
21
22
23
24 assessmentlocation i,
25 is.th 1stituer is the c it oncentration at
26
27 ,
28 manner throughout the system, as the various source waters mix and flov through the Delta,
29 although most behave, to some degree, in a nonconservative manner. For constituents where this
30 assumption does not hold because of decay, uptake, or other losses, this mass-balance approach
31 would be expected to overestimate the actual concentrations at any given Delta location, thereby
32 providing a conservative analysis for impact assessment purposes. Qualitative Assessments
33 Some constituents were assessed strictly qualitatively (Appendix C, Table SA-11) because: (1)
34 insufficient historical monitoring data were available to adequately characterize the concentrations
35 of the five source waters to the Delta (i.e., to accurately define the distribution of concentrations
36 observed in the SAC, SJR, BAY, eastside tributaries, AGR), which are necessary to implement the
37 quantitative mass-balance assessment approach described above; (2] the locations for which the
38 constituent was assessed (within the affected environment) was outside of any available modeling
39 domain, or available modeling tools were not appropriate for predicting constituent concentrations
40 based on the physical, chemical, and/or biological properties and environmental fate and transport
41 of the constituent. Nevertheless, the same conceptual framework was used for qualitatively
42 assessing constituents of concern. Best available information regarding concentrations/levelsin the
43 Delta source waters was evaluated relative to how flow-fractions at various Delta locations would
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